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and uſeful arts, that you not 
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NESS'S feet; and at the ſame 
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veneration with which I am, 


S I R, 
our ROYAL HIORNEõs's 
Moſt obliged, 
And moſt obedient, 


Humble Servant, 


JAMES FERGUSON. 
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0 P RE F A C E. 


To 2 ER ſince the days of the LoxD CHAN- 
; CELLOR Bacon, natural philoſophy 
e 


hath been more and more cultivated in Eng- 
At land. Thar great genius firſt ſet out with 
taking a general ſurvey of all the natural 
ſerences, dividing them ito diſtintt branches, 
which he enumerated with great exaftneſs. 
He inquired ſcrupulouſly into the degree of 
knowledge already attained to in each, and 
drew up a liſt of what flill remained to be 
diſcovered : this was the ſeope of his firſt un- 
dertaking. Afterward he carried his views 
much farther, and ſhewed the neceſſity of an 
experimental philoſophy, a thing never before 
thought of. As he was a profeſſed enemy to 
, ſtems, he conſidered philoſophy no otherwiſe 
than as that part of knowledge which con- 
tributes to make men better and happier : he 
ſeems to limit it to the knowledge of things 
NJ. uſeful, recommending above all the ſtudy of 
nature, and ſhewing that no progreſs can be 7 
made therein, but by collecting facts, and '| 
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PREFACE. 


comparing experiments, f which he points 


out a great number proper to be made. 


S 
But notwithſtanding the true path to ſcience 
was thus exattly marked out, the old notions 


of the ſchools fo ftrongly poſſeſſed people's minds 


at hat time, as not to be eradicated by any 


new opinions, how rationally ſoever advanced, 
until the illuftrious Mr. BovLt, the firſt 


who purſued Lokp. Bacon? S plan, began 


ro put experiments 1: pruclice with an Aſſi- 
au equal to his great talents, Next, the 
ROVAL Society. being eftabli iſhed, the true 
philoſophy began to be the reigning taſte of the 
age, and continues fo to this day. 


The immortal Sis ISAAC NEwTON 14 


ſiſted, even in his early years, that it was high 


time to baniſh vague conjectures and hypotheſes 
from natural philoſophy, and to bring that 


ſcience under an entire ſubjetion to experi- 


ments and geometry. He frequently called it 
the experimental philoſophy, / as to ex- 
preſs ſignificantly the difference between it and 
the numberleſs ſyſtems which had ariſen merely 


our of the conceits of inventive brains: the 


one WL Hing no longer than the ſpirit of no- 
velty 
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velty laſts ; the other never failing while the 


nature of things remain unchanged. 


The method F teaching and laying the 


foundation of phyſics, by public courſes of ex- 
periments, was firſt undertaken in this Ring- 
dom, I believe, by Dr. JohN Kritt, and 
Ace improved and enlarged by Mr. Hauxs- 


BEE, Dr. DESAGULIERS, Mr. WuisToN, 


Mr. Cortes, Mr. WulrESsIDE, Dr. Brxap- 


LEY, our late Regius and Savilian Profeſſor 
of Aſtronomy, and Dr. BIss his ſucceſſor. 
Nor-has the ſume been neglected by Dr. James, 
and Dr. David Grtcory, Sir ROBERT 
STEWART, and after him Mr. MACLAURIN. 
Dr. HELSHaM in Ireland, Meſfieurs 
GRAVESANDE and MUSCHENBROEK, and 
the Abbe NOLLET in France, have alſo ac- 
quired juſt applauſe thereby. 


The ſubſtance of my own attempt in this 
way of inſtrumental inſtruttion, the following 
ſheets (excluſive of the aſtronomical part) will 
Hero: the ſatisfaftion they have generally 
given, read as leflures to different audiences, 
affords me ſome hope that they may be fa- 
vourably received in the ſame form by the 
public, | 


1 og 
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FREF ACE 
T ought to obſerve, that though the laſt frve 


lefclures cannot be properly ſaid to concern er- 
perimental philoſophy, I confidered, however, 
that they were not of ſo different a claſs, but 
that they might, without much impropriety, 
be ſubjoined to the preceding ones. 


My apparatus (part of which 1s deſcribed 
here, and the reſt in a* former work) 1s 
rather ſimple than magnificent, which 1s 
FReing to a particular point I had in vieto 
at firſt ſetting out, namely, to avoid all ſu- 
perfluity, and to render every thing as plain 
and intelligible as I thought the ſubje# would 
admit of. 


* Aſtronomy explained upon SIR IS AAN NEwToON's 
principles, and made eaſy to thoſe who have not ſtudied 
mathematics, 
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SELECT SUBJECTS. 


LE CT. I. 
Of Matter and its Properties, 


S the deſign of the firft part of this courſe 

is to explain and demonſtrate thoſe laws 
by which the material univerſe 1s governed, re- 
gulated and continued; and by which the va- 
rious appearances in nature are accounted for ; 
it is requiſite to begin with explaining the pro- 
perties of matter. 

By the word matter is here meant every thing Matter, 


that has length, breadth, and thickneſs, and re- what. 


fiſts the touch. | 
The inherent properties of matter are ſolidity, Its pro- 
inactivity, mobility, and diviſibility. perties. 


The ſolidity of matter ariſes from its having Sondity. 
length, breadth, thickneſs ; and hence it is that 
all bodies are comprehended under ſome ſhape 
or other, and that each particular body hinders 
all others from occupying the ſame part of ſpace 
which it poſſeſſes. Thus, if a piece of wood 
or metal be ſqueezed ever ſo hard between two 
plates, they cannot be brought into contact. 
And even water or air has this property ; for if 


a {mall quantity of it be fixed between any other 
bodics, 


Of the Properties of Matter, 


bodies, they cannot be brought to touch one 
another. | 


Inactiv ĩty · A ſecond property of matter is ina#ivity, or 


paſſiveneſs; by which it always endeavours to 
continue in the ſtate that it is in, whether of reſt 
or motion. And therefore, if one body contains 
twice or thrice as much matter as another body 
does, it will have twice or thrice as much inac- 
tivity ; that is, it will require twice or thrice as 
much force to give it an equal degree of motion, 
or to ſtop it after it hath been put into ſuch a 

motion, | 
That matter can never put itſelf into motion is 
allowed by all men. For they ſee that a ſtone, 
lying on the plane ſurface of the earth, never 
removes itſelf from that place, nor does any one 
imagine 1t ever can. But moſt people are apt 
to believe that all matter has a propenſity to 
fall from a ſtate of motion into a ſtate of reſt ; 
becauſe they ſee that if a ſtone or a cannon-ball 
be put into ever ſo violent a motion, it ſoon ſtops; 
not conſidering that this ſtoppage is cauſed, 
1. By the gravity or weight of the body, which 
finks it to the ground in ſpite of the impulle ; 
and, 2. By the reſiſtance of the air through which 
it moves, and by which its velocity is retarded 
every moment till it falls, h 
A bowl moves but a ſhort way upon a bowl- 
ing-green; becaufe the roughneſs and uneven- 
neſs of the graſſy ſurface ſoon creates friction 
enough to ſtop it. But if the green were per- 
fectly level, and covered with poliſhed glaſs, and 
the bowl were perfectly hard, round, and ſmooth, 
it would go a 'great way - farther ; as it would 
have nothing but the air to reſiſt it; if then the 
air were taken away, the bowl would go on 
without any friction, and conſequently without 
e any 


Of the Properties of Matter. 


any diminution of the velocity it had at ſetting 
out : and therefore, if the green were extended 
quite around the earth, the bowl would go on, 
round and round the earth, for ever. 

If the bowl were carried ſeveral miles above 
the earth, and there projected in a horizontal 
direction, with ſuch a velocity as would make 
it move more than a ſemidiameter of the earth, 
in the time it would take to fall to the earth by 
gravity ; in that caſe, and if there were no re- 
ſiſting medium in the way, the bowl would not 
fall to the earth at all; but would continue to 
circulate round it, keeping always in the ſame 
tract, and returning to the ſame point from 
which it was projected, with the ſame velocity as 
at firſt, In this manner the moon goes round 
the earth, although ſhe be as unactive and dead 
as any ſtone upon it. | 


The third property of matter is mobility; for Mobility. 


we find that all matter is capable of being moved, 
if a ſufficient degree of force be applied to over- 
come its inactivity or reſiſtance. 


The fourth property of matter is diviſibility, Diviſibi- 
of which there can be no end. For, ſince mat- lity. 


ter can never be annihilated by cutting or break- 
Ing, we can never imagine it to be cut into ſuch 
ſmall particles, but that if one of them be laid 
on a table, the uppermoſt ſide of it will be fur- 
ther from the table than the undermoſt ſide. 
Moreover, it would be abſurd to ſay that the 
greateſt mountain on earth has more halves, 
quarters, or tenth parts, than the ſmalleſt particle 
of matter has. IS: dt 

We have. many ſurpriſing inſtances of the 
ſmallneſs to which matter can be divided by 
art: of which the two following are very re- 
markable. 14 
Rk B Wy. 1 It 
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1. If a pound of filyer be melted with a ſingle 
grain of gold, the gold will be equally diffuſed 
through the whole ſilver; ſo that taking one 
grain from any part of the maſs (in which there 
can be no more than the 5760 part of a grain 
of gold) and diffolving it in aqua fortis, the 


gold will fall to the bottom. 


2. The gold beaters can extend a grain of gold 
into a leaf containing 50 ſquare inches; and this 
leaf may be divided into 500000 viſible parts. 
For an inch in length can be divided into 100 
parts, every one of which will be viſible to the 
bare eye: conſequently a ſquare inch can be 
divided into 10000 parts, and 50 ſquare inches 
into 500000. And if one of theſe parts be 
viewed with a — that magnifies the 
diameter of an object only ten times, it will 
magnify the area 100 times; and then the 100th 
part of a 500000th part of a grain (that is, the 
50 millionth part) will be viſible. Such leaves 
are commonly uſed in gilding; and they are ſo 
very thin, that if 124500 of them were laid upon 
one another, and preſſed together, they would 
not exceed one inch in thickneſs. 

Vet all this is nothing in compariſon of the 


lengths that nature goes in the diviſion of mat- 


ter. For Mr. Lecwenboeck tells us, that there are 
more animals in the milt of a ſingle cod-fiſh, 
than there are men upon the whole earth: and 
that, by comparing theſe animals in a micro- 
ſcope with grains of common ſand, it appeared 
that one ſingle grain is bigger than four millions 
of them. Now each animal muſt have heart, 
arteries, veins, muſcles, and nerves, otherwiſe 
they could neither hve nor move. How incon- 
ceivably ſmall then muſt the particles of theit 
blood be, to circulate through the ſmalleſt rami- 

6 fications 


2 — — — — 


— — — — 


* 


—— —— — — — — — 
* 11 R TY ”_””MQCATT__.,_TT ST 
— — 
* 


—— 
— — 
Ss 
=. 


— 
— a a —— — 
„„ „ 


* 
- | — ͤUQü0ö—Ur— 
. 7 . 
[4 * 
— . — 
X. 
[| — —— 
| = — — — 2 — — — — — . 
COT fff ee 
= Kees 
— 
— — 0 


« Lergtwon debin , 


— 


_ 1 


Of the Properties of Malter. 


fications and joinings of their arteries and veins? 
It has been found by calculation, that a particle 
of their blood muſt be as much ſmaller than a 
globe of the tenth part of an inch in diameter, as 
that globe is ſmaller than the whole earth; and 
yet, if theſe particles be compared with the par- 
ticles of light, they will be found to exceed 
them as much in bulk as mountains do ſingle 
grains of ſand. For, the force of any body 
ſtriking againſt an obſtacle is directly in pro- 
portion to its quantity of matter multiphed into 
its velocity; and ſince the velocity of the par- 
ticles of light is demonſtrated to be at leaſt a 
million times greater than the velocity of a can- 
non-ball, it 1s plain, that if a million of theſe 
particles were as big as a ſingle grain of ſand, 
we durſt no more open our eyes to the light, 
than we durſt expoſe them to ſand ſhot point- 
blank from a canon. 


* os f a 
That matter is infinitely" diviſible in a mathe- Plate I. 
matical ſenſe, is eaſy to be demonſtrated. \ For, Fig. 1. 


let AB be the length of a particle to be divided; 
and let it be touched at oppoſite ends by the 
parallel lines CD and EF, which, ſuppoſe to be 


infinitely extended beyond D and F. Set off The infi- 


the equal diviſions BG, GH, HI, &c. on the" 
line EF, toward the right hand from B; and 


take a point, as at R, any where toward the left proved. 


hand from 4, in the line CD : Then, from this 
point, draw the right lines RG, RH, KI, &c. 
each of which will cut off a part from the par- 
ticle AB. But after any finite number of ſuch 
lines are drawn, there will ſtill remain a part, as 
AP, at the top of the particle, which can never 
be cut off: becauſe the lines DR and EF being 
parallel, no line can ever be drawn from the 
point R to any point of the line EF that will 

; B 2 coincide 


Cohefion, 
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{ 
coincide with the line RD. Therefore the par- ; 
ticle AB contains more than any finite number t 
of parts. 0 

A fifth property of matter is attraction, which I 
feems rather to be infuſed than inherent. Of 
this there are - fog kinds, viz. coheſion, gravita- b 
tion, magnetiſm, and electricity. t 
The attrattion of cobeſion is that by which the t 
ſmall parts of matter are made to ſtick and co- ft 
here together. Of this we have ſeveral inſtances, C 
ſome of which follow. n 
1. If a ſmall glaſs tube, open at both ends, be p 
dipt in water, the water will riſe up in the tube ri 
to a conſiderable heiglit above its level in the Pi 
baſon: which muſt be owing to the attraction 
of a ring of particles of the glaſs all round in Pl 
the tube, immediately above thoſe to which the m 
water at any inſtant riſes. And when it has riſen ce 
ſo high, that the weight of the column balances eit 
the attraction of the tube, it riſes no higher. aft 
This can be no ways owing to the preſſure of the pl: 
air upon the water in the Eaſon; for, as the tube ace 
is open at top, it is full of air above the water, the 
which will preſs as much upon the water in the as 
tube as the neighbouring air does upon any exc 


column of an equal diameter in the baſon. Be- 
ſides, if the fame experiment be made in an ex- 
hauſted receiver of the air pump, there will be 


tound no difference. 

2. A piece of loaf-ſugar will draw up a fluid, 
and a ſpunge will draw in water: and on the 
tae principle ſap aſcends in trees. £ 

3. It two drops of quickſilver be placed near 
each other, they will run together and become 
one large drop. 

. It two pieces of lead be ſcraped clean, and 


P: og together with a twiſt, they will attract 
each 
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each other ſo ſtrongly, as to require a force 


much greater than their own weight to ſeparate 


them. And this cannot be owing to the preſſure 
of the air, for the ſame thing will hold in an ex- 
hauſted receiver. 

5. If two poliſhed plates of marble or brafs 
be put together, with a little oil between them 
to fill up the pores in their ſurfaces, and prevent 
the lodgement of any air; they will cohere ſo 
ſtrongly, even if ſuſpended in an exhauſted re- 
ceiver, that the weight of the lower plate will 
not be able to ſeparate it from the upper one. In 
putting theſe plates together, the one ſhould be 
rubbed upon the other, as a joiner does two 
pieces of wood when he glues them. 

6. If two pieces of cork, equal in weight, be 
put near each other in a baſon of water, they will 
move equally faſt toward each other with an ac- 


celerated motion, until they meet: and then, if 


either of them be moved, it will draw the other 


after it. If two corks of unequal weights be 


placed near each other, they will approach with 
accelerated velocities inverſely proportionate to 
their weights: that is, the lighter cork will move 
as much faſter than the heavier, as the heavier 
exceeds the lighter in weight. This ſhews that 
the attraction of each cork is in direct propor- 
tiom to its weight or quantity of matter. 

This kind of attraction reaches but to a very 
imall diſtance ; for, if two drops of quickſilver 
be rolled in duſt, they will not run together, be- 
cauſe the particles of duft keep them out of the 
iphere of each other's attraction. 


Where the ſphere of attraction ends, a repul- Repul- 
five force begins; thus, water repels moſt bodies ſion. 


vll they are wet; and hence it is, that a ſmall 
B 3 | needte, 


Gravita- 
tion, 
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needle, if dry, ſwims upon water; and flies walk 
upon it without wetting their feet. 

The repelling force of the particles of a fluid 
is but ſmall; and therefore, if a fluid be divided, 
it eaſily unites again. But if a glaſs, or any other 
hard ſubſtance, be broke into ſmall parts, they 
cannot be made to ſlick together again without 
being firſt wetted : the repulſion being too great 
to admit of a re-union. 

The repelling force between water and oil is 
ſo great, that we find it almoſt impoſſible to mix 
them ſo, as not to ſeparate again, If a ball of 
light wood be dipt in oil, and then put into 


-water, the water will recede ſo as to form a 


channel of ſome depth all around the ball. 

The repulſive force of the particles of air is fo 
great, that they can never be brought ſo near to- 
gether by condenlation as to make them ſtick or 
cohere, Hence it is, that when the weight of 
the incumbent atmoſphere is taken off from any 
ſmall quantity of air, that quantity will diffuſe it- 
ſelf ſo as to occupy (in compariſon) an infinitely 
greater portion of ſpace than it did before. 

. Attraftion of gravitation is that power by 
which diſtant bodies tend toward one another. 
Of this we have daily inſtances in the falling 
of bodies to the earth. By this power in the 
earth it is, that bodies, on whatever fide, fall in 
lines perpendicular to its ſurface; and conſe- 
quently, on oppoſite ſides, they fall in oppoſite 
directions; all toward the center, where the 
force of gravity is as it were accumulated : and 
by this power it is, that bodies on the earth's 
ſurface are kept to it on all ſides, ſo that they 
cannot fall from it. And as it acts upon all bo- 
dies in proportion to their reſpective quantities 


of matter, without any regard to their bulks or 


figures, 


amb. Ig Sd. Bomids 2G Koa  oVum do oa a < .TqqO ' wt Iq4._ £A4 SRD ont las nd A 
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figures, it accordingly conſtitutes their weight. 
Hence, 

If two bodies which contain equal quantities 
of matter, were placed at ever ſo great a diſtance 
from one another, and then left at liberty in free 
ſpace ; if there were no other bodies in the uni- 
verſe to affect them, they would fall equally ſwift 
toward one another by the power of gravity, 
with velocities accelerated as they approached 
each other; and would meet in a point which 
was half-way between them at firſt. Or, it two 
bodies, containing unequal quantities of matter, 
were placed at any diſtance, and left in the ſame 
manner at liberty, they would fall toward one 
another with velocities which would be in an 
inverſe proportion to their reſpective quantities 
of marter; and moving faſter and faſter in their 
mutual approach, would at laſt meet in a point 
as much nearer to the place from which the 
heavier body began to fall, than to the place 
from which the lighter body began to fall, as 
the quantity of matter in the former exceeded 
thar 1n the latter. 

All bodies that we know of have gravity or 
weight. For, that there 1s no ſuch thing as po- 
ſitive levity, æven in ſmoke, vapours, and fumes, 
is demonſtrable by experiments on the air- 
pump; which ſhews, that although the ſmoke 
of a candle aſcends to the top of a tall receiver 
when full of air, yet, upon the air's being ex- 
hauſted out of the receiver, the ſmoke falls down 
to the bottom of it. So, if a piece of wood be 
immerſed in a jar of water, the wood will riſe to 


the top of the water, becauſe it has a leſs degree 


of weight than its bulk of water has : but it the 


Jar be emptied of water, the wood falls to the 
bottom, i 
B 4 As 
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22 As every particle of matter has its proper 
emon- 


{trated to a a 
be as the Portion to the number of the attracting particles; 


quantity that is, as the quantity of matter in the whole 
= 10 rvay body. , This is demonſtrable by experiments on 
= mn” pendulums ; for, if they are of equal lengths, 
5 whatever their weights be, they vibrate in equal 
times. Now it is plain, that if one be double or 
triple the weight of another, it muſt require a 
double or triple power of gravity to make it 
move with the ſame celerity: juſt as it would 
require a double or triple force to project a bul- 
let of twenty or thirty pounds weight, with the 
ſame degree of ſwiftneſs that a bullet of ten 
pounds would require. Hence it is evident, 
that the power or force of gravity is always pro- 
portional to the quantity of matter in bodies, 
whatever their bulks or figures are. 
It de- Gravity alſo, like all other virtues or emana- 
crealts as tions which proceed or iſſue from a center, de- 
the ſquare ds : . 
of the creaſes as the diſtance multiplied by itſelf in- 
diſtance Creales : that is, a body at twice the diſtance of 
iacreaſes. another, attracts with only a fourth part of the 
force; at thrice the diſtance, with a ninth part; 
at four times the diſtance, with a ſixteenth part ; 
and ſo on. This too is confirmed by comparing 
the diſtance which the moon falls in a minute, 
from a right line touching her orbit, with the 
diſtance through which heavy bodies near the 
earth fall in that time. And alſo by comparing 
the forces which retain Jupiter's moons in their 
orbits, with their reſpective diſtances from Jupi- 
ter. Theſe forces will be explained in the next 
lecture. | 
The velocity which bodies near the earth ac- 


quire in deſcending freely by the force of gravity, 


is proportional to the times of their deſcent. 
5 | 1 5 For, 


gravity, the effect of the whole muſt be in pro- 
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For, as the power of gravity does not conſiſt in 
a ſingle impulſe, but 1s always operating in a 
conſtant and uniform manner, it muſt produce 
equal effects in equal times; and A 
in a double or triple time, a double or triple ef- 
ſect. And fo, by acting uniformly on the body, 
muſt accelerate its motion proportionably to the 
time of 1ts deſcent. 

To be a little more particular on this ſubject, 


let us ſuppoſe that a body begins to move with 


a celerity conſtantly and gradually increaſing, in 
ſuch a manner, as would carry it through a mile 
in a minute; at the end of this ſpace it will have 
acquired ſuch a degree of celerity, as is ſufficient 


to carry it two miles the next minute, though it. 


ſhould then receive no new impulſe from the 
cauſe by which 1ts motion had been accelerated ; 
but if the ſame accelerating cauſe continues, it 
will carry the body a mile farther; on which 
account, it will have run through four miles at 
the end of two minutes; and then it will have 
acquired ſuch a degree of celerity, as is ſufficient 
to carry it through a double ſpace in as much 
more time, or eight miles in two minutes, even 
though the accelcrating force ſhould act upon it 
no more. But this force ſtill continuing to ope- 
rate in an uniform manner, will again, in an 
equal time, produce an equal effect; and ſo, by 
carrying it a mile further, cauſe it to move 
through five miles the third minute ; for, the 
celerity already acquired, and the celerity ſtill 


acquiring, will have each its complete effect. 


Hence we learn, that if the body ſhould move 
one mile the firſt minute, it would move three 
mules the ſecond, five the third, ſeven the fourth, 
nine the fifth, and fo on in proportion. 


And 


11 


12 


The de- 
ſcending 


velocity 


will give 


ee 
equal 


aſcent. 


Fig. 
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And thus it appears, that the ſpaces deſcribed 
in ſucceſſive equal parts of time, by an uniformly 
accelerated motion, are always as the odd num- 
bers 1, 3, 5, 7, 9, &c. and conſequently, the 
whole ſpaces are as the ſquares of the times, or of 
the laſt acquired velocities. For, the continued 


addition of the odd numbers yields the ſquares 


of all numbers from unity upward. Thus, 1 is 
the firſt odd number, and the ſquare of 1 is 1; 
3 is the ſecond odd number, and this added to 
x makes 4, the ſquare of 2; 5 is the third odd 
number, which added to 4 makes , the ſquare 
of 3; and fo on for ever. Since, therefore, the 
times and velocities proceed evenly and con- 


ſtantly as 1, 2, 3, 4, &c. but the ſpaces deſcribed 


in each equal times are as !, 3, 5, 7, &c. it is 
evident that the ſpace deſcribed 


In 1 minute will be - - 1 ſquare of 1 
In 2 minutes - - 1+3= 4=ſquare of 2 
In 3 minutes - 1+3+5= g=ſquare of 3 
In minutes 1 + 3+ 5+7=16=ſquare of 4, &c. 


N. B. The character. + ſignifies more, and = 


equal. 


As heavy bodies are uniformly accelerated by 
the power of gravity in their deſcent, it is plain 
that they mult be uniformly retarded by the 
ſame power in their aſcent. Therefore, the ve- 
locity which a body acquires by falling, is ſuf- 
ficient to carry 1t up again to the ſame height 
from whence it fell: allowance being made for 
the reſiſtance of the air, or other medium in 
which the. body is moved. Thus, the body D 
in rolling down the inclined plane AB will 
acquire ſuch a velocity by the time it _ at. 

. as 
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B, as will carry it up the inclined plane BC, al- 
moſt to C; and would carry it quite up to C, if 
the body and plane were perfectly ſmooth, and 
the air gave no reſiſtance.— So, if a pendulum 
were put into motion, in a ſpace quite free of 
air, and all other re ſiſtance, and had no friction 
on the point of ſuſpenſion, it would move for 
ever: for the velocity it had acquired in falling 
through the deſcending part of the arc, would 
be ſtill ſufficient to carry it equally high in the 
aſcending part thereof. 


13 


The center of gravity is that point of a body The cen- 
in which the whole force of its gravity or weight ter of gra- 


is united. 
point, bears the weight of the whole body: and 
while it is ſupported, the body cannot fall; be- 
cauſe all its parts are in a perfect equilibrium 
about that point. 

An imaginary line drawn from the center of 
gravity of any body toward the centre of the 
earth, is called the line of direficn. 
all heavy bodies deſcend, 1t not obſtructed. 
Since the whole weight of a body is united in 
its center of gravity, as that centre aſcends or 
deſcends, we mult look upon the whole body to 
do ſo too. But as it is contrary to the nature of 
heavy bodies to aſcend of their own accord, or 
not to deſcend when they ar- permitted; we 


may be ſure, that, unleſs the center of gravity. 


be ſupported, the whole body will tumble or 
fall. Hence it is, that budies ſtand 'upon their 
baſes when the line of direction falls within the 
baſe ; for in this caſe the body cannot be made 
to fall, without firſt raiſing the center of gravity 
higher than it was before. Thus, the inclining 


Therefore, whatever ſupports that“ . 


In this line and line 
of direc- 


tion, 


body ABCD, whoſe center of gravity is E, Fig. 3. 


ſtands firmly on its baſe CD IK, becauſe the line 
be of 
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of direction EF falls within the baſe. But if a 
weight, as ABGH, be laid upon the top of the 
body, the center of gravity of the whole body 
and weight together is raiſed up to J; and then, 
as the line of direction ID falls without the 
baſe at D, the center of gravity J is not ſup- 
poried ; and the whole body and weight tumble 
down together. 

Hence appears the abſurdity of people's riſing 
haſtily in a coach or boat when it is likely to 
overſet : for, by that means they raiſe the cen- 
ter of gravity ſo far as to endanger throwing it 
quite out of the baſe; and if they do, they 
overſet the vehicle effectually. W hereas, had 
they clapt down to the bottom, they would 
have brought the line of direction, and conſe- 
quently the center of gravity, farther within the 
baſe, and by that means might have ſaved them- 
ſelves. 

The broader the baſe is, and the nearer the 
line of direction is to the middle or center of it, 
the more firmly does the body ftand. On the 
contrary, the narrower the baſe, and. the nearer 
the line of direction is to the fide of it, the more 
eaſily may the body be overthrown, a leſs change 
of poſition being ſufficient to remove the line 
of direction out of the baſe in the latter caſe 
than in the former. And hence it is, that a 
ſphere 18 ſo eaſily rolled upon a horizontal plane; 
and that it is ſo difficult, if not impoſſible, to 
make things which are ſharp- pointed to ſtand 


upright on the point.—From what hath been 


ſaid, it plainly appears, that if the plane be in- 
clined on which the heavy body 1s placed, the 
body will ſlide down upon the plane while the 
line of direction falls within the baſe ; but it will 
tumble or roll down when that line falls +4 

2 the 
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the baſe. - Thus, the body A will only ſlide Fig. 4. 


down the inclined plane CD, while the body B 


rolls down upon 1t. 


When the line of direction falls within the 
baſe of our feet we ſtand ; and moſt firmly when 
it is in the middle: but when it is out of that 
baſe, we immediately fall. And It is not only 
pleaſing, but even ſurpriſing, to reflect upon the 
various and unthought-of methods and poſtures 
which we uſe to retain this poſition, or to reco- 
ver it when it is loſt. For this purpoſe we bend 
our body forward when we riſe from a chair, or 
when we go up ſtairs: and for this purpoſe a 
man leans forward when he carries a burden on 
his back, and backward when he carries it on 
his breaſt ; and to the right or left ſide as he car- 
ries it on the oppoſite fide. A thouſand more 
inſtances might be added. 

The quantity of matter in all bodies is in ex- 
act proportion to their weights, bulk for bulk. 
Therefore, heavy bodies are as much more denie 
or compact than light bodies of the ſame bulk, 
as they exceed them in weight. 


All bodies are full of pores, or ſpaces void of An bo- 
matter: and in gold, which is the heavieſt of dies po- 
all known bodies, there is perhaps a greater us. 


quantity of ſpace than of marter. For the parti- 


cles of heat and magnetiſm find an eaſy paſſage 
through the pores of gold; and even water itſelf 


has been forced through them. Beſides, if we 
conſider how eaſily the rays of light paſs through 
ſo ſolid a body as glaſs, in all manner of direc- 
tions, we ſhall find reaſon to believe that bodies 
are much more porous than is generally ima- 
gined. | 


Al bodies are ſome way or other affected by The ex- 
heat; and all metallic bodies are expanded in panſion of 
le ngth, metals, 


The py- 
Foinetere 


Fig. 5. 
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length, breadth, and thickneſs thereby. he 


proportion of the expanſion of ſcveral metals, 
according to the beſt experiments J have been 
able to make with my pyrometer, is nearly thus: 

Iron and ſteel, as 3, copper 4 and a half, braſs 5, 
tin 6, lead 7. An iron rod 3 feet long is about 
one 7oth part of an inch longer in ſummer than 
in winter. 

The pyrometer here mentioned being (for 
aught I know) of a new conſtruction, a de- 
ſcription of it may perhaps be agreeable to the 
reader. 

AA is a flat piece of mahogany, in which are 
fixed four brafs ſtuds B, C, D, L, and two pins, 
one at F and the other at H. On the pin Y 
turns the crooked index Z 7, and upon the pin 
H the ſtraight index GK, againſt which a piece 
of watch- ſpring & bears gently, and ſo preſſes 
it toward the beginning of the ſcale M N, over 
which the point of that index moves. This 
fcale 1s divided into inches and tenth parts of an 
inch: the firit inch is marked 1000, the ſecond 
2000, and ſo on. A bar of metal O is laid into 
notches in the top of the ſtuds C and D; one 
end of the bar bearing againſt the adjuſting 
ſcrew P, and the other end againſt the crooked 
index EI, at a 20th part of its length from its 
centre of motion F.—Now it is plain, that how- 
ever much the bar O lengthens, it will move 
that part of the index E, againſt which it bears, 
juſt as far: but the croo! ced end of the ſame 
index, near I, being 20 times as far from the 


center of motion FE, as the point is againſt 


which the bar bears, it will move 20 times as 
far as the bar lengthens. And as this crooked 
end bears againſt "the index GK at only a 20th 
part of the whole length GS from its center of 

motion 
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motion H, the point & will move through 20 
times the ſpace that the point of bearing near H 
does. Hence, as 20 multiplied by 20 produces 
400, it is evident that if the bar lengthens but a 
400th part of an inch, the point & will move a 
whole inch on the ſcale; and as every inch 1s 
divided into 10 equal parts, if the bar lengthens 
but the 1oth part of the 400th part of an inch, 
which is only the 400th part of an inch, the 
point & will move the tenth part of an inch, 
which 1s very perceptible. | 

To find how much a bar lengthens by heat, 
firſt lay it cold into the notches of the ſtuds, and 
turn the adjuſting ſcrew P until the ſpring R 
brings the point & of the index GX to the be- 
ginning of the diviſions of the ſcale at M: then, 
without altering the ſcrew any farther, take off 
the bar, and rub it with a dry woollen cloth till 
it feels warm; and then, laying it on where it 
was, obſerve how far it puſhes the point & upon 
the ſcale by means of the crooked index EZ; 
and the point & will ſhew exatly how much the 
bar has lengthened by the heat of rubbing. As 
the bar cools, the ſpring R bearing againſt the 
index KG, will cauſe its point & to move gra- 
dually back toward M in the ſcale : and when 
the bar is quite cold, the index will reſt at M, 
where it was before the bar was made warm by 


rubbing. The indexes have ſmall rollers under 


them at I and K; which, by turning round on 
the {ſmooth wood as the indexes move, make 
their motions the eaſier, by taking off a great 
part of the friction, which would otherwiſe be 
on the pins F and H, and of the points of the 
indexes themſelves on the wood. 
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Beſide the univerſal properties above men- Magnet- 


toned, there are bodies which have properties iſm. 


peculiar 
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peculiar to themſelves : ſuch as the loadſtone, in 
which the moſt remarkable are theſe : 1. It at- 
tracts iron and ſteel only. 2. It conſtantly turns 
one of its ſides to the north and another to the 
fouth, when ſuſpended by a thread that does not 
twiſt. 3. It communicates all its properties to 
a piece of ſtee] when rubbed upon it, without 


loſing any itſelf. 


According to Dr. Helſbam's experiments, the 


attraction of the loadſtone decreaſes as the ſquare 


of the diſtance increaſes. Thus, if a loadſtone 
be ſuſpended at one end of a balance, and coun- 
terpoiſed by weights at the other end, and a 
flat piece of iron be placed beneath it, at the 
diſtance of four tenths of an inch, the ſtone will 
immediately deſcend and adhere to the iron. 
But if the ſtone be again removed to the ſame 
diſtar.ce, and as many grains be put into the 
fcale at the other end as will exactly counterba- 
lance the attraction, then, if the iron be brought 
twice as near the ſtone as before, that is, only 
two tenth parts of an inch from it, there muſt be 
four times as many grains put into the ſcale as 
before, in order to be a juſt counterbalance to 
the attractive force, or to hinder the ſtone from 
deſcending and adhering to the iron. So, it four 
grains will do in the former cafe, there muſt be 
fixteen in the latter. But from ſome later ex- 
periments, made with the greateſt accuracy, it 
is found that the force of magnetiſm decreales 
in a ratio between the reciprocal of the ſquare 
and the reciprocal of the cube of the diſtance ; 
approaching to the one or the other, as the mag- 
nitudes of the attracting bodies are varied. 
Several bodies, particularly amber, glaſs, jet, 
ſealing- wax, agate, and almoſt all precious 
ſtones, have a peculiar property of Try 
| an 
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and repelling light bodies when heated by rub- 
bing. This is called electrical attraion, in 
which the chief things to be obſerved are, 1. If 
a glaſs tube about an inch and a half diameter, 
and two or three feet long, be heated by rub- 
bing, it will alternately attract and repel all light 
bodies when held ncar them. 2. It does not 
attract by being heated without rubbing. 
3. Any light body, being once repelled by the 
tube, will never be attracted again till it has 
touched ſome other body. 4. If the tube be 
rubbed by a moiſt hand, or any thing that is 
wet, it totally deſtroys the electricity. 5. Any 
body, except air, being interpoſed, ſtops the 
electricity. 6. The tube attracts ſtronger when 
rubbed over with bees-wax, and then with a d 
woollen- cloth. 7. When it is well rubbed, if 
a finger be brought near it, at about the diſtance 
of half an inch, the eMuvia will ſnap againſt the 
finger, and make a little crackling noiſe; and 
if this be performed in a dark place, there will 
appear a little flaſh of light. | 


LECT. u + 


Of central Forces, 


WE have already mentioned it as a neceſ- All bodies 
ſary conſequence ariſing from the dead- 2 
neſs or inactivity of matter, that all bodies ant t 
endeavour to continue in the ſtate they are in, motion or 
whether of reſt or motion. If the body A were rel. 
placed in any part of free ſpace, and nothing * * 
either drew or impelled it any way, it would for 8 
ever remain in that part of ſpace, becauſe it 
could have no tendency of itſelf to remove any 
way from thence, If it receives a ſingle im- 


ES pulſe 


20 Of central Forces. 
pulſe any way, as ſuppoſe from A toward , it 


will go on in that direction; for, of itſelf, it int 

could never ſwerve from a right line, nor ſtop lin 

its courſe. When it has gone through the ſpace it | 
| AB, and met with no reſiſtance, its velocity 
will be the ſame at B as it was at A; and this po 
velocity, in as much more time, will carry it of 
through as much more ſpace, from B to C; and for 

ſo on for ever. Therefore, when we ſee a body N 

in motion, we conclude that ſome other ſub- wil 

ſtance muſt have given it that motion; and tal 

when we ſce a body fall from motion to reſt, we ſan 
conclude that ſome other body or cauſe ſtopt it. ſide 

All mo- As all motion is naturally rectilineal, it ap- boc 
tion ma- pears, that a bullet projected by the. hand, or dri 
turally ſhot f. Id f : | fic 
pert d ot from a cannon, would for ever continue to uc 
neal. move in the ſame direction it received at firſt, if to 
no other power diverted its courſe. Therefore ren 

when we ſee a body move in a curve of any kind ſuc 
whatever, we conclude 1t muſt be acted upon by equ 

two powers at leaſt; one putting it in motion, twc 

and another drawing it off from the rectilineal eac 

courſe it would otherwiſe have continued to In 

move in: and whenever that power, which bent equ 

the motion of the body from a ſtraight line into the 

a curve, ceaſes to act, the body will again move this 

on in a ſtraight line touching that point of the ſqu 

curve in which it was when the action of that BE 

power ceaſed. For example, a pebble moved at 

round in a ſling ever ſo long a time, will fly off Join 

the moment it 1s ſet at liberty, by ſlipping one will 


end of the ſling cord: and will go on in a line 
touching the circle it deſcribed before: which 
line would actually be a ſtraight one, if the 
earth's attraction did not affect the pebble, and Gb 
bring it down to the ground. This ſhews that mis 


the natural. tendency of the pebble, when put to / 
| 2 855 | into on t 
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into motion, 1s to continue moving 1n a ſtraight 
line, although by the force that moves the ſling 
it be made to revolve 1n a circle. 


The change of motion produced is in pro- The ef. 


portion to the force impreſſed : for the effects fects of 
combined 


of natural cauſes are always proportionate to the 
force or power of thoſe cauſes. 

By theſe laws it is eaſy to prove that a body, 
will deſcribe the diagonal of a ſquare or pa- 
tallelogram, by two forces conjoined, in the 
ſame time that it would deſcribe either of the 
ſides, by one force ſingly. Thus, ſuppoſe the 


body A to repreſent a ſhip at ſea ; and that it is Fig. w 


driven by the wind, in the right line AB, with 
ſuch a force as would carry it uniformly from A 
to B in a minute: then ſuppoſe a ſtream or cur- 
rent of water running in the direction AD, with 
ſuch a force as would carry the ſhip through an 
equal ſpace from A to D in a minute. By theſe 
two forces, acting together at right angles to 
each other, the ſhip will deſcribe the line AEC 
in a minute : which line (becauſe the forces are 
equal and perpendicular to each other) will be 


the diagonal of an exact ſquare. To confirm 


this law by an experiment, let there be a wooden 


ſquare AB CD fo contrived, as to have the part Fig. 3. 


BE FC made to draw out or puſh into the ſquare 
at pleaſure. To this part let the pulley H be 
Joined, ſo as to turn freely on an axis, which 
will be at H when the piece is puſhed in, and 
at h when it is drawn out. To this part let the 
ends of a ſtraight wire & be fixed, ſo as to move 
along with it, under the pulley ; and let the ball 
& be made to ſlide eaſily on the wire. A thread 
m1s fixed to this ball, and goes over the pulley 
to J; by this thread the ball may be drawn up 
en the wire, parallel to the ſide A D, when the 
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part BEFC is puſhed as far as it will go into 
the ſquare, But, if this part be drawn out, it 
will carry the ball along with it, parallel to the 
bottom of the ſquare DC. By this means, the 
ball G may either be drawn perpendicularly up- 
ward by pulling the thread n, or moved hori- 
zontally along by pulling out the part BEFC, 
in equal times, and through equal ſpaces; each 
power acting equally and ſeparately upon it. 
But if, when the ball is at G, the upper end of 
the thread be tied to the pin J, in the corner 4 
of the fixed ſquare, and the moveable part 
BE FC be drawn out, the ball will then be acted 
upon by both the powers together: for it will 
be drawn up by the thread toward the top of 
the ſquare, and at the ſame time be carried with 
its wire & toward the right hand B C, moving 
all the while in the diagonal line L; and will be 
found at g when the ſliding part is drawn out as 
far as it was before ; which then will have cauſed 
the thread to draw up the ball to the top of the 
inſide of the ſquare, juſt as high as it was before, 
when drawn up ſingly by the thread without 


moving the ſliding part. 


If the acting forces are equal, but at oblique 
angles to each other, ſo will the ſides of the 
parallelogram be : and the diagonal run through 
by the moving body will be longer or ſhorter, 
according as the obliquity is greater or ſmaller. 
Thus, if two equal forces act conjointly upon the 
body A, one having a tendency to move it 
through the ſpace AB in the ſame time that the 
other has a tendency to move it through an equal 
ſpace AD; it will deſcribe the diagonal AGC 
in the ſame time that either of the ſingle forces 
would have cauſed it to deſcribe either of the 
ſides. If one of the forces be greater * 
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other, then one ſide of the parallelogram will be 


ſo much longer than the other. For, if one force 


ſingly would carry the body through the ſpace 
AE, in the ſame time that the other would have 
carried it through the ſpace AD, the joint action 
of both will carry it in the ſame time through 
the ſpace AHF, which. is the diagonal of the 
oblique parallelogram ADE F. 

If both forces act upon the body in fuch a 
manner, as to move it uniformly, the diagonal 
deſcribed will be a ſtraight line, but if one of 
the forces acts in ſuch a manner as to make the 
body move faſter and faſter, then the line de- 
{cribed will be a curve. And this 1s the caſe of 
all bodies which are projected in rectilineal di- 
rections, and at the ſame time acted upon by the 
power of gravity ; which has a conſtant tendency 
to accelerate their motions in the direction where- 
in it acts. 

From the uniform projectile motion of bodies = laws 
in ſtraight lines, and the univerſal power of gravity 5 F the 
or attraction, ariſes the curvilineal motion of all NOS: 
the heavenly bodies. If the body A be projected 


along the ſtraight line AFH in open ſpace, Fig. 5. 


where it meets "with no reſiſtance, and 1s not 
drawn aſide by any power, it will go on for 
ever with the ſame velocity, and in the ſame 
direction. But if, at the ſame moment, the 
projectile force is given it at A, the body & be- 
gins to attract it with a force duly adjuſted “, 

and perpendicular to its motion at A, it will then 
be drawn from the ſtraight line AFH, and forced 


* To make the projectile force a juſt balance to the 
gravitating power, ſo as to keep the planet moving in a 
circle, it muſt give ſuch a velocity as the planet would ac- 
d by gravity, when it had fallen through half the ſemi- 

lameter of that circle, 
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to revolve about & in the circle 41); in the 
ſame manner, and by the fame law, that a peb- 
ble is moved round in a fling. And if, when 
the body is in any part of its orbit (as ſuppoſe 
at T) a ſmaller body as L, within the ſphere of 
attraction of the body X, be projected in the 


right line LM, with a force duly adjuſted, and 


perpendicular to the line of attraction EK ; then, 
the ſmall body L will revolye about the large 
body K in the orbit NO, and accompany it in 
its whole courſe round the yet larger body S. 

But then, the body K will no longer move in 
the circle ATW; for that circle will now be 
deſcribed by the common center of gravity be- 
tween K and L. Nay, even the great body & 
will not keep in the center; for it will be the 
common center of gravity between all the three 
bodies F, K, and L, that will remain immove— 
able there. So, if we ſuppoſe & and K connected 
by a wire P that has no weight, and K and L 
connected by a wire q that has no weight, the 
common center of gravity of all theſe three 
bodies will be a point in the wire P near &; 

which point being ſupported, the bodies will be 
all in eguilibrio as they move round it. Though 
indeed, ſtrictly ſpeaking, the common center of 
gravity of all the three bodies will not be in the 
wire P but when theſe bodies are all in the right 


line. Here & may repreſent the ſun, X the 


Plate III. 


earth, and L the moon. 

In order to form an idea of the curves de- 
ſcribed by two bodies revolving about their com- 
mon center of gravity, while they themſelves 
with a third body are in motion round the com- 
mon center of gravity of all the three ; let 
us firſt ſuppoſe E to be the ſun, and e the 
carth going round him without any moon ; ang 

then 
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their moving forces regulated as above. In 

this caſe, while the earth goes round the ſun in 

the dotted circle RTV A, &c. the fun will The 

go round the circle ABD, whoſe center C is 3 
the common center of gravity between the ſun 1,14. rg. 
and earth: the right line g 9 repreſenting the volving 
mutual attraction between them, by which they about 
are as firmly connected as it they were fixed at av 2 
the two ends of an iron bar ſtrong enough to center of 
hold them. So, when the earth is at e, rhe ſun gravity, 
will be at E; when the earth is at 7, the fun will 
be at F; and when the carth is at g, the ſun will 
be at G, &c. | 

Now, let us take in the moon 9g (at the top of 
the figure) and ſuppoſe the earth to have no pro- 
greſſive motion about the fun; in which caſe, 
while the moon revolyes about the earth in her 
orbit A BC W, the earth will revolve in the 
circle & 13, whoſe center R is the common cen- 
ter of gravity of the earth and moon; they be- 
ing connected by the mutual attraction between 
them in the ſame manner as the earth and ſun 
are. 

But the truth is, that while the moon revolves 
about the earth, the earth is in motion about 
the ſun; and now, the moon will cauſe the 
earth to · deſcribe an irregular curve, and not a 
true circle, round the ſun; it being the common 
center of gravity of the earth and moon that will 
then deſcribe the ſame circle which the earth 
would have moyed- in, if it had not been at- 
tended by a moon, For, ſuppoling the moon 
to deſcribe a quarter of her progreſſive orbit 
about the earth in the time that the earth moves 
from e to f; it is plain, that when the earth 
comes to /, the moon will be found at 7; in 
wich time, their common center of, gravity 

C 4 will 
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will have deſcribed the dotted arc R r 7, the 
earth the curve R 5 f, and the moon the curve 
q 14 r. In the time that the moon deſcribes 
another quarter of her orbit, the center of gra- 
vity of the earth and moon will deſcribe the dot- 
ted arc 7 2 U, the earth the curve F 6 g, the 
moon the curve r 15 5, and fo on—And thus, 
while the moon goes once round the earth in 
her progreſſive orbit, their common center of 
gravity deſcribes the regular portion of a circle 
R1iT2U3Y 4WÞ, the earth the irregular curve 
R 5 76g 758 i, and the moon the yet more 
irregular curve q 14 7 15516717 u; and then, 
the ſame kind of tracks over again. 

The center of gravity of the earth and moon is 
6000 miles from the earth's center toward the 
moon : therefore the circle & 13 which the earth 
deſcribes round that center of gravity (in every 
courſe of the moon round her orbit) is 12,000 
miles in diameter. Conſequently the earth is 
12,000 miles nearer the ſun at the time of full 
moon than at the time of new. [See the earth 
at F and at 5. 

To avoid confuſion in fo ſmall a figure, we 
have ſuppoſed the moon to go only twice and a 
half round the earth, in the time that the earth 
goes once round the ſun : it being impoſſible to 
take in all the xevolutions which ſhe makes in 2 
year, and to give a true figure of her path, un- 
leſs we ſhould make the ſemidiameter of the 
earth's orbit at leaſt 95 inches; and then, the 
proportional ſemidiameter of the moon's orbit 
would be only a quarter of an inch. For a true 
figure of the moon's path, I refer the reader to 
my treatiſe of aſtronomy. _ 

If the moon made any complete number of 


revolutions abour the earth, in the time that i 
cart 
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earth makes one revolution about the ſun, the 
aths of the ſun and moon would return into 
emſelves at the end of every year; and fo be 
de ſame over again; but they return not into 
themſelves in leſs than 19 years nearly ; in which 
time, the earth makes nearly 19 evolutions about 
the ſun, and the moon 235 about the earth. 

If the planet A be attracted toward the ſun, plate II. 
with ſuch a force as would make it fall from A Fig. 5. 
to B, in the time that the projectile impulſe 
would have carried it from A to F, it will de- 
ſcribe the arc A by the combined action of theſe à goubie 
forces, in the ſame time that the former would projectile 
have cauſed it to fall from A to B, or the latter force ba- 
have carried it from A to F. But, if the projec- ae le 
tile force had been twice as great, that 1s, ſuch as ara bf 
would have carried the planet from A to H, in gravity. 
the ſame time that now, by the ſuppoſition, it 
carries it only from A to F; the ſun's attracłion 
muſt then have been four times as ſtrong as for- 
merly, to have kept the planet in the circle 
ATI ; that is, it muſt have been ſuch as would 
have cauſed the planet to fall from A to E, 
which is four times the diſtance of A from B, in 
the time that the projectile force ſingly would 
have carried it from A to H, which is only twice 
the diſtance of A from #*. Thus, a double 
- projectile force will balance a quadruple power 
of gravity in the ſame circle ; as appears plain 
by the figure, and ſhall ſoon be confirmed by 
an experiment. 

The whirling-table is a machine contrived Plate IV, 
for ſhewing experiments of this nature. AA is Fig. 1. 
a ſtrong frame of wood, B a winch or handle 


* Here the arcs AG, 41, muſt be ſuppoſed to be very 


ſmall; otherwiſe AF, which is equal to HI, will be more 
than quadruple to 4 B, which is equal to FG, 3 
fixe 
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fixed an the axis C of the wheel D, round which 
is the catgut ſtring F, which alſo goes round the 
ſmall wheels G and X, croſſing between them 
and the great wheel D. On the upper end of 
the axis of the wheel G, above the frame, i; 
fixed the round board d, to which the bearer 
MS X may be faſtened occaſionally, and remoy. 
ed when it / is not wanted. On the axis of the 
wheel H is fixed the bearer NTZ: and it is 
eaſy to ſee that when the winch B is turned, the 
wheels and bearers are put into a whirling mo- 
tion. | 

Each bearer has two wires, V, X, and 2, , 
fixed and ſcrewed tight into them at the ends by 
nuts on the outſide. And when theſe nuts are 
unſcrewed, the wires may be drawn out in or- 
der to change the balls U and J, which ſlide 
upon the wires by means of braſs loops fixed into 
the balls, which keep the balls up from touch- 
ing the wood below them. A ſtrong filk line 
goes through each ball, and is fixed to it at any 
length from the center of the bearer to its end, 
as occaſion requires, by a nut- ſcrew at the top 
of the ball ; rhe ſhank of the ſcrew goes into the 
center of the ball, and preſſes the line againſt 
the under ſide of the hole that it goes through. 
— The line goes from the ball, and under a ſmall 
pulley fixt in the middle of the bearer ; then up 
through a ſocket in the round plate (fee & and J) 


in the middle of each bearer; then through 2 


plate. 


ſlit in the middle of the ſquare top (O and P) 
of each tower, and going over a ſmall pulley on 
the top, comes down again the ſame -way, and 
is at laſt faſtened to the upper end of the ſocket 
fixt in the middle of the above-mentioned round 
Theſe plates & and T have each four 
round holes near their edges for letting 1 28 
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fide up and down upon the wires which make 
the corners of each tower. The balls and plates 
being thus connected, each by its particular line, 
it is plain, that if the balls be drawn outward, 
or toward the ends M and MN of their reſpective 
bearers, the round plates & and 7 will be drawn 
up to the top of their reſpective towers O and P. 
There are ſeveral braſs weights, ſome of twa 
ounces, ſome of three, and ſome of four, to be 
occaſionally put within the towers O and P, upon 
the round plates & and 7: each weight having 
a round hole in the middle of it, for going upon 
the ſockets or axes of the plates, and is ſlit fram 
the edge to the hole, for allowing it to be ſlipt 
over the aforeſaid line which comes from each 
ball to its reſpective plate, (See 71g. 2.) 
The experiments to be made by this machine 
are as follows : 
1. Take away the bearer MX, and take the Fig. 1. 
wory ball a, to which the line or ſilk cord 5 is 
faſtened at one end; and having made a loop on 
the other end of the cord, put the loop over a 
pin fixt in the center of the board 4. Then, The pro- 
turning the winch B to give the board a whirling Penſity of 
motion, you will ſee that the ball does not imme- urge beg 
diately begin ta move with the board, but, on ſtate it is 
account of its inactivity, it endeavours to con- in. 
tinue in the ſtate of reſt which it was in before.—- 
Continue turning, until the board communicates 
an equal degree of motion with its own to the 
ball, and then turning on, you will perceive that 
the ball will remain upon one part of the board, 
keeping the ſame velocity with it, and having no 
relative motion upon it, as is the caſe with every 
thing that lies looſe upon the plane ſurface of the 
earth, which, having the motion of the earth 
communicated to it, never endeavours to remove 
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from that place, But ſtop the board ſuddenly 
by hand, and the ball will go on, and con- 
tinue to revolve upon the board, until the 
friction thereof ſtops its motion: which ſhews, 
that matter being once pat into motion would 
continue to move for ever, if it met with no 
reſiſtance. In like manner, it a perſon ſtand; 
upright in a boat before it begins to move, he 
can ſtand firm; but the moment the boat {ts 
off, he is in danger of falling toward that place 
which the boat departs from : becauſe, as mat- 
ter, he has no natural propenſity to move. But 
when he acquires the motion of the boat, let it 
be ever ſo ſwift, if it be ſmooth and uniform, he 
will ſtand as upright and firm as if he was on 
the plain ſhore; and if the boat ſtrikes againſt 
any obſtacle, he will fall toward that obſtacle; 
on-account of the propenſity he has, as matter, 
to keep the motion which the boat has put him 
mto, 

2. Take away this ball, and put a longer cord 
to it, which may be put down through the hol- 
low axis of the bearer AMA, and wheel G, and 
fix a weight to the end of the cord below the 
machine; which weight, if left at liberty, will 
draw the ball from the edge of the whirling- 
board to its center. 

Draw off the ball a little from the center, and 
turn the winch ; then the ball will go round and 
round with the board, and will gradually fly off 
farther and farther from the center, and raile up 
the weight below the machine: which ſhews 
that all bodies revolving in circles have a ten- 
dency to fly off from theſe circles, and muſt have 
ſome power acting upon them from the center of 
motion, to keep them from flying off. Stop the 


machine, and the ball will continue to — 
or 
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for ſome time upon the board ; but as the fric- 
tion gradually ſtops its motion, the weight acting 
upon it will bring it nearer and nearer to the 
center in every revolution, until it brings it 
quite thither. This ſhews, that if the planets 
met with any reſiſtance in going round the ſun, 
its attractive power would bring them nearer 
and nearer to it in every revolution, until they 
fell upon it. 


3. 


3. Take hold of the cord below the machine Bodies 


with one hand, and with the other throw the ball move 
upon the round board as it were at right angles 


faſter in 
{mall or- 


to the cord, by which means it will go round bits than 
and round upon the board. Then obſerving in large 


with what velocity it moves, pull the cord be- Ones. 
low the machine, which will bring the ball nearer 
to the center of the board, and you will ſee that 
the nearer the ball is drawn to the center, the 
faſter it will revolve ; as thoſe planets which are 
neareſt the ſun revolve faſter than thoſe which 
are more remote; and not only go round ſooner, 
becauſe they deſcribe ſmaller circles, but even 
move faſter in every part of their reſpective 
circles. 

4. Take away this ball, and apply the bearer Theic 


MX, whoſe center of motion is in its middle at centrifu- 
w, directly over the center of the whirling-board pal forces 
4. Then put two balls (J and C) ot equal ewn. 


weights upon their bearing wires, and having 
fixed them at equal diſtances from their reſpective 
centers of mation wv and x upon their ſilk cords, 
by the ſcrew nuts, put equal weights in the 
towers O and P. Laſtly, put the catgut ſtrings 
E and F upon the grooves G and H of the ſmall 
wheels, which being of equal diameters, will give 
equal velocities to the bearers above, when the 
winch B is turned: and the balls U and V will 
fly 
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fly off toward M and N;. and will raiſe the 
weights in the towers at the ſame inſtant. This 
ſhews, that when bodies of equal quantities of 
matter revolve in equal circles with equal velo- 
cities, their centrifugal forces are equal. 

5. Take away theſe equal balls, and inſtead 
of them put a ball of ſix ounces into the bearer 
MA, at a ſixth part of the diſtance wv z from the 
center, and put a ball of one ounce into the op- 
poſite bearer, at the whole diſtance x y, which 
is equal to w z from the center of the bearer; 


and fix the balls at theſe diſtances on their cords, 


by the ſcrew nuts at top; and then the ball U, 
which is fix times as heavy as the ball J, will be 
at only a ſixth part of the diſtance from its cen- 
ter of motion; and conſequently will revolve in 
a circle of only a ſixth part of the circumference 
of the circle in which revolves. Now, let any 
equal weights be put into the towers, and the 
machine be turned by the winch ; which (as the 
catgut ſtring 1s on equal wheels below) will 
cauſe the balls to revolve in equal times; but / 
will move fix times as faſt as U, becauſe it re- 
volves in a circle of ſix times its radius; and 
both the weights in the towers will riſe at once. 
This ſhews, that the centrifugal forces of revolv- 
ing bodies (or their tendencies to fly off from the 
circles they deſcribe) are in direct proportion to 
their quantities of matter multiplied into their 
reſpective velocities; or into their diſtances from 
the centers of their reſpective circles. For, ſup- 
poſing U, which weighs ſix ounces, to be two 
inches from its center of motion , the weight 
multiplied by the diſtance is 12: and ſuppoſing 
V, which weighs only one ounce, to be 12 inches 
diſtant from the center of motion x, the weight 
1 ounce multiplied by the. diſtance 12 inches 
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$12. And as they revolve in 3 times, their 
velocities are as their diſtances from the center, 
namely, as I tO 6. 

If theſe two balls be fixed at equal diſtances 
fom their reſpective centers of motion, they 
will move with equal velocities; and if the 
tower O has 6 times as much weight put into it 
as the tower P has, the balls will raiſe their 
weights exactly at the ſame moment. This 
news that the ball U being ſix times as heavy as 
the ball Y, has ſix times as much centrifugal 
force, in deſcribing an equal circle with an equal 
velocity. 

6. If bodies of equal weights revolve in equal A double 
circles with unequal velocities, their centrifugal velocity 
forces are as the ſquares of the velocities. To Wo 

prove this law by an experiment, let two balls cle, is a 
Uand Y of equal weights be fixed on their cords balance 
a equal diſtances from their reſpective centers © + ang 
of motion and x; and then let the catgut, "Fe of 
ſtring E be put round the wheel K (whoſe cir- gravity. 
cumference is only one half of the circumference 

of the wheel H or G) and over the pulley s to 

keep it tight; and let four times as much weight 

be put into the tower P, as in the tower O. 

Then turn the winch B, and the ball “ will re- 

volve twice as faſt as the ball U in a circle of the 

lame diameter, becauſe they are equidiſtant from 

the centers of the circles in which they revolve ; 

and the weight in the towers will both riſe at 

the ſame inſtant, which ſhews that a double ve- 

locity in the. ſame circle will exactly balance a 
quadruple power of attraction in the center of 

the circle. For the weights in the towers may 

be conſidered as the attractive forces in the cen- 

ters, acting upon the revolving balls; which 
moving 
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equal weights, and making two revolution 
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moving in equal circles, is the ſame thing as if 
they both moved in one and the ſame circle. 
7. If bodies of equal weights revolve in un- 
equal circles, in fuch a manner that the ſquare 
of the times of their going round are as the 
cubes of their diſtances from the centers of the 
circles they deſcribe ; their centrifugal forces are 
inverſely as the ſquares of their diſtances from 
thoſe centers. For, the catgut ſtring remaini 
as in the laſt experiment, let the diſtance of the 
ball from the center x be made equal to two 
of the croſs diviſions on its bearer ; and the dif. 
rance of the ball V from the center wv be three 
and a ſixth part; the balls themſelves being of 


by turning the winch, in the time that U makes 


in one ſecond, the ball U will revolve in two 
ſeconds, the ſquares of which are one and four: 
for the ſquare of 1 is only 1, and the ſquare of 
2 is 4; therefore the ſquare of the period or 
revolution of the ball 7, is contained four times 
in the ſquare of the period of the ball V. But 
the diſtance of 7 1s 2, the cube of which 1s 8, 
and the diſtance of U is 34, the cube of which 
is 32 very nearly, in which 8 is contained four 
times; and therefore, the ſquares of the periods 
of and U are to one another as the cubes of 
their diftances from x and ww, which are the cen- 
ters of their reſpective circles. And if the 
weight in the tower O be four ounces, equal to 
the ſquare of 2, the diſtance of from the cen- 
ter x; and the weight in the tower P be ten 
ounces, nearly equal to the ſquare of 32, the diſ- 
tance of U from w; it will be found upon turn. 
ing the machine by the winch, that the balls U 
and Y will raiſe their reſpective weights Al 
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the ſame inſtant of time. Which confirms that 
famous obſervation of KEILER, viz: That the 
ſquares of the times in which the planets go round 


3s 


the ſun are in the ſame proportion as the cubes 


of their diſtances from him; and that the ſun's 
attraction is inverſely as the ſquare of the diſtance 
from his center: that is, at twice the diſtance, 
his attraction is four times leſs ; at thrice the 
diſtance, nine times leſs; at four times the diſ- 
tance, ſixteen times leſs; and ſo on, to the re- 
moteſt part of the ſyſtem. _ 

8. Take off the catgut ſtring E from the 
great wheel D and the ſmall wheel V, and let 
the ſtring F remain upon the wheels D andG. 
Take away alſo the bearer ALX from the whirl- 
ng-board d, and inſtead thereof put the ma- 
chine AB upon it, fixing this machine to the 
center of the board by the pins c and d, in ſuch 
a manner, that the end e f may riſe above the 
board to an angle of 3o or 40 degrees, In the 
upper fide of this machine are two glaſs tubes 
a and 5, cloſe ſtopt at both ends; and each 
tube is about three quarters full of water. In 
the tube @ is a little quickſilver, which naturally 
falls down to the end à in the water, becauſe 
it is heavier than its bulk of water; and in the 
tube ö is a ſmall cork which floats on the to 
of the water at e, becauſe it is lighter; and it 
ls ſmall enough to have liberty to riſe or fall 
in the tube. While the board & with this ma- 
chine upon it continues at reſt, the quickſilver 
les at the bottom of the tube a, and the cork 
floats on the water near the top of the tube 3. 
But, upon turning the winch, and putting the 
machine in motion, the contents of each tube will 
iy off toward the uppermoſt ends (which are 
artheſt from the center of motion) the heavieſt 
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with the greateſt force, Therefore the quick. 
ſilver in the tube à will fly off quite to the end 
V, and occupy its bulk of ſpace there, excluding 
the water from that place, becauſe it is lighter 
than quickſilver; but the water in the tube ) 
flying off to its higher end e, will exclude the 

. cork from that place, and cauſe the cork to de- 
ſcend toward the lowermoſt end of the tube, 
where it will remain upon the loweſt end of the 
water near 5; for the heavier body having the 
greater centrifugal force, will therefore -poſlel; 
the uppermoſt part of the tube ; and the lighter 
body will keep between the heavier and the 
lowermoſt part. 

This demonſtrates the abſurdity of the Carte- 
fian doctrine of the planets moving round the 
fun in vortexes: for, if the planet be more 
denfe or heavy than its bulk of the vortex, it wil 
fly off therein, farther and farther from the ſun; 
if leſs denſe, it will come down to the loweſt 
part of the vortex at the ſun: and the whole 
yortex itſelf muſt be ſurrounded with ſomething 
ike a great wall, otherwiſe 1t would fly quite of, 
planets and all together. —But while gravity ex- 
iſts, there is no occaſion for ſuch vortexes ; and 
when it ceaſes to exiſt, a ſtone thrown upward 
will never return to the earth again. 

If one 9. If a body be fo placed on the whirling- 
_ board of the machine (Fig. 1.) that the center of 
round Fgravity of the body be directly over the center 
another, of the board, and the board be put into ever 10 
_ of rapid a motion by the winch B, the body will 
oo muſt turn round with the board, but will not remove 
round from the middle of it; for, as all parts of the 
their body are in equilibrio round its center of gravity, 


common and the center of gravity is at reſt in the center 
center of 


gravity, of motion, the centrifugal force- of all parts of 


the 
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ind the body will be equal at equal diſtances. from 


its center of motion, and therefore the body will 


ng remain in its place. But if the center of gravity 
3 be placed ever fo little out of the center of mo- 
the tion, and the machine be turned ſwiftly round, 


4 the body will fly off toward that fide of the 

0 board on which its center of gravity lies. Thus, Fig. 4, 

| * if the wire C with its little ball B be taken awa 

— from the demi-globe A, and the flat fide e F of 

1095 this de mi- globe be laid upon the whirling- board 

. of the machine, ſo that their centers may coin- 

cide; if then the board be turned ever ſo quick 

by the winch, the demi-globe will remain where 

it was placed. But if the wire C be ſcrewed into 

the demi-globe at d, the whole becomes one 

body, whoſe center of gravity is now at or near 

d. Let the pin c be fixed in the center of the 

whirling- board, and the deep groove & cut in the 

lat ſide of the demi- globe be put upon the pin, 

ſo as the pin may be in the center of A See Fig. 

where chis groove 15 repreſented at 5] and let Fig. 5. 

the whirling-board be turned by the winch, 

which will carry the little ball B (Fig. 4.) with 

Its wire C, and the demi-globe A, all round the 

center-pin ei; and then, the centrifugal force of 

the little ball B, which weighs only one ounce, 

will be ſo great as to draw off the demi-globe 

4, which weighs two pounds, until the end of 

the groove at e ſtrikes againſt the pin c, and 

o prevents the demi-globe 4 from going any 

farther : otherwiſe, the centrifugal force of B 

vould have been great enough to have carried 

4 quite off the whirling-board. Which ſhews, 

that if the ſun were placed in the very center of 

the orbirs of the planets, it could not poſſibly 

remain there; for the centrifugal forces of the 

planets would carry them quite off, and the ſun | 
92 with ö 
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with them ; eſpecially when ſeveral of them hap. 

ned to be in any one quarter of the heavens, 
For the fun and planets are as much connected 
by the mutual attraction that ſubſiſts between 
them, as the bodies A and B are by the wire C 
which 1s fixed into them both. And even if 
there were but one ſingle planet in the whole 
heavens to go round ever ſo large a ſun in the 


_ center of its orbit, its centrifugal force would 


ſoon carry off both itſelf and the fun, For, the 
greateſt body placed in any part of free ſpace 
might be eaſily moved: becauſe if there were no 
other body to attract it, it could have no weight 
or gravity of itſelf ; and conſequently, though it 
could have no tendency of itſelf to remove from 
that part of ſpace, yet it might be very cally 
moved by any other ſubſtance. 

10. As the centrifugal force of the light body 
B will not allow the heavy body A to remain in 
the center of motion, even though it be 24 times 
as heavy as B; let us now take the ball 4 (Fig. 
6.) which weighs 6 ounces, and connect it by 
the wire C with the ball B, which weighs only 
one ounce ; and let the fork E be fixed into the 
center of the whirling-board : then hang the 
balls upon the fork by the wire C in ſuch a man- 
ner, that they may exactly balance each other; 
which will be when the center of gravity between 
them, in the wire at d, is ſupported by the fork. 
And this center of gravity is as much nearer to 
the center of the ball A, than to the center of the 
ball B, as A is heayier than B, allowing for the 
weight of the wire on each fide of the fork. 
This done, let the machine be put into motion 
by the winch; and the balls 4 and B will go 
round their common center of gravity 4, keep- 


ing their balance, becauſe either will not 1 
| c 
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the other to fly off with it. For, ſuppoſing the 


ball B to be only one ounce in weight, and the 
ball A to be ſix ounces ; then, if the wire C were 
ually heavy on each fide of the fork, the center 
of gravity 4 would be fix times as far from the 
center of the ball B as from that of the ball A, 
and conſequently B will revolve with a veloci 
ſix times as great as A does; which will give B 
ſix times as much centrifugal force as any ſingle 
ounce of A has: but then, as B is only one 
ounce, and A fix ounces, the whole centrifugal 
force of A will exactly balance the whole centrig 
ſugal force of B: and therefore, each body will 
detain the other ſo as to make it keep in its 
circle. This ſhews that the ſun and planets muſt 


all move round the common center of gravity 
of the whole ſyſtem, in order to preſerve that juſt 


balance which takes place among them. For, 
the planets being as unactive and dead as the 
above balls, they could no more have put them- 
ſelves into motion than theſe balls can ; nor have 


kept in their orbits without being balanced at 


firſt with the greateſt degree of exactneſs upon 
their common center of gravity, by the Almighty 
hand that made them and put them in motion. 
Perhaps it may be here aſked, that ſince the 
eenter of gravity between theſe balls muſt be 
ſupported by the fork E in this experiment, 
what prop it is that ſupports the center of gra- 
vity of the ſolar ſyſtem, and conſequently bears 
the weight of all the bodies in it; and by what 
s the prop itſelf ſupported ? The anſwer is eaſy 


and plain; for the center of gravity of our balls 


muſt be ſupported, becauſe they gravitate to- 
ward the earth, and would therefore fall to it: 
but as the ſun and planets gravitate only toward 
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one another, they have nothing elſe to fall to; 
and therefore have no occaſion for any thing to 
ſupport their common center of gravity : and if 


they did not move round that center, and conſe. 


quently acquire a tendency to fly off from it by 
their motions, their mutual attractions would 
ſoon bring them together; and ſo the whole 
would become one maſs in the ſun: which would 
alſo be the caſe if their velocities round the ſun 
were not quick enough to create a centrifugal 
force equal to the ſun's attraction. 

But after all this nice adjuſtment, it appears 
evident that the Deity cannot withdraw his re- 
gulating hand from his works, and leave them 
to be ſolely governed by the laws which he has 
impreſt upon them at firſt. For if he ſhould 
once leave them ſo, their order would in time 
come to an end; becauſe the planets muſt ne- 
ceſſarily diſturb one another's motions by their 
mutual attractions, when ſeveral of them are in 
the ſame quarter of the heavens; as 1s often the 
caſe: and then, as they attract the ſun more 
toward that quarter than when they are in a 
manner diſperſed equably around him, it he was 
not at that time made to deſcribe a portion of a 
larger circle round the common center of gravity, 
the balance would then be immediately de- 
ſtroyed ; and as it could never reſtore itſelf again, 
the whole ſyſtem would begin to fall together, 
and would in time unite in a maſs at the ſun.— 
Of this diſturbance we have a very remarkable 
inſtance in the comet which appeared lately ; and 
which, in going laſt up before from the ſun, went 
io near to Jupiter, and was fo affected by his 
attraction, as to have the figure of its orbit much 


changed]; and not only fo, but to have its period 


altered, 
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altered, and its courſe to be different in the hea- 
vens from what it was laſt before. 


11. Take away the fork and balls from the Fig. 5. 


whirling- board, and place the trough AB there- 
on, fixing its center to the center of the whirl» 
ing-board by the pin H. In this trough are two 
balls D and E, of unequal weights, connected 
by a wire F; and made to ſlide eaſily upon the 
wire C ſtretched from end to end of the trough, 
and made faſt by nut- ſcrews on the outſide of the 
ends. Let theſe balls be ſo placed upon the wire 
C, that their common center of gravity g may be 
directly over the center of the whirling- board. 
Then, turn the machine by the winch, ever ſo 
ſwiftly, and the trough and balls will go round their 


center of gravity, ſo as neither of the balls will fly 


off; becauſe, on account of the equilibrium, each 
ball detains the other with an equal force acting 
againſt it. But if the ball E be drawn a little 
more toward the end of the trough at A, it will 
remove the center of gravity toward that end 
from the center of motion; and then, upon 
turning the machine, the little ball E will fly off, 
and ſtrike with a conſiderable force againſt the 
end A, and draw the great ball B into the middle 
of the trough. Or, if the great ball D be drawn 
toward the end B of the trough, ſo that the cen- 
ter of gravity may be a little toward that end 
from the center of motion, and the machine be 
turned by the winch, the great ball D will fly off, 
and ſtrike violently againſt the end B of the 
trough, and will bring the little ball E into the 
middle of it. If the trough be not made very 


ſtrong, the ball D will break through it. | 
12, The reaſon why the tides riſe at the {ame of the 

ablolute time on oppoſite ſides of the earth, and tides. 
D 4 


conſe- 


2 


ar — x 


42 


Fig. 8. 


Fig. 9, 


Of the Tides. 


conſequently in oppoſite directions, is made 
abundantly plain by a new experiment on the 
whirling-table. The cauſe of their riſing on the ſide 
next the moon every one underſtands to be owin 

to the moon's attraction : but why they ſhould 
riſe on the oppoſite ſide at the ſame time, where 
there is no moon to attract them, is perhaps not 
ſo generally underſtood. For it would ſeem 
that the moon ſhould rather draw the waters (as 
it were) cloſer to that ſide, than raiſe them upon 
it, directly contrary to her attractive force. Let 
the circle a 5 d repreſent the earth, with its ſide 
c turned toward the moon, which will then at- 
tract the waters ſo, as to raiſe them from c to g. 
But the queſtion 1s, why ſhould they riſe as high 
at that very time on the oppoſite ſide, from à to 
e? In order to explain this, let there be a plate 
AB fixed upon one end of the flat bar DC; with 
ſuch a circle drawn upon it as a4 cd (in Fig. 8.) 
to repreſent the round figure of the earth and 
ſea; and ſuch an ellipſis as ef g h to reprelent the 
ſwelling of the tide at e and g, occaſioned by the 
influence of the moon. Over this plate AB let 
the three ivory balls e, /, g, be hung by the filk 


lines h, i, E, faſtened to the tops of the crooked 
wires H, I, K, in ſuch a manner, that the ball at 


e may hang freely over the ſide of the circle e, 
which 1s fartheſt from the moon M at the other 
end of the bar; the ball at F may hang freely 
over the center, and the ball at g hang over the 
ſide of the circle g, which 1s neareſt the moon. 
The ball f may repreſent the center of the earth, 
the ball g ſome water on the fide next the moon, 
and the ball e ſome water on the oppoſite (ide. 
On the back of the moon M is fixt the ſhort bar 
N parallel to the horizon, and there are three 


holes in it above the little weights p, 9 r. 4 
l 
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fk thread o is tied to the line & cloſe above the 
ball g, and paſſing by one fide of the moon M. 
goes through a hole in the bar N,. and has the 
weight p hung to it. Such another thread z is 
tied to the line i, cloſe above the ball /, and 

fing through the center of the moon M and 
middle of the bar NM, has the weight g hung to 
, which is lighter than the weight p. A third 
thread m is tied to the line h, cloſe above the ball 
; and paſſing by the other ſide of the moon M. 
trough the bar NM, has the weight er hung to it, 
which is lighter than the weight g. 

The uſe of theſe three unequal weights is to 
repreſent the moon's unequal attraction at dif- 
frent diſtances from her. With whatever force 
he attracts the center of the earth, ſhe attracts 
the ſide next her with a greater degree of force, 
and the ſide fartheſt from her with a leſs. So, 
if the weights are left at liberty, they will draw 
all the three balls toward the moon with differ- 
ent degrees of force, and cauſe them to make the 


they are evidently farther from each other than 
they would be if they hung at liberty by the 
lines , i, k; becauſe the lines would then harg 
perpendicularly. This ſhews, that as the moon 
attracts the ſide of the earth which is neareſt her 
with a greater degree of force than ſhe does the 
center of the earth, ſhe will draw the water on 
that ſide more than ſhe draws the center, and fo 
cauſe it to riſe on that ſide : and as ſhe draws the 
center more than ſhe draws the oppoſite ſide, 
the center will recede farther from the ſurface of 
the water on that oppoſite fide, and ſo leave it as 


high there as ſhe raiſed it on the ſide next to her. 
For, as the center will be in the middle between 
the 


appearance ſhewn in Fig. 10; by which means Fig. 10. 
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the tops of the oppoſite elevations, they muſt of 
courſe be equally high on both ſides at the ſame 
time. : 

But upon this ſuppoſition the earth and moon 
would ſoon come together : and to be ſure they 
would, if they had not a motion round their 
common center of gravity, to create a degree of 
centrifugal force ſufficient to balance their my- 
tual attraction. This motion they have; for az 
the moon goes round her orbit every month, at 
the diſtance of 240000 miles from the earth's 
center, and of 234000 miles from the center of 
gravity of the earth and moon, ſo does the earth 
go round the ſame center of gravity every month 
at the diſtance of 6000 miles from it ; that is, 
from it to the center of the earth. Now as the 
earth 1s (in round numbers) 8000 miles in dia- 
meter, it is plain that its ſide next the moon is 
only 2000 miles from the common center of gra- 
vity of the earth and moon; its center 6000 
miles diſtant therefrom : and its farther ſide from 
the moon 10000. Therefore the centrifugal 
forces of theſe parts are as 2000, 6000, and 
10000 ; that is, the centrifugal force of any ſide 
of the earth, when it is turned from the moon, 
is five times as great as when it is turned toward 
the moon. And as the moon's attraction (ex- 
preſt by the numbers 6000) at the earth's center 
keeps the earth from flying out of this monthly 
circle, it muſt be greater than the centrifugal 
force of the waters on the ſide next her; and 
conſequently, her greater degree of attraction 0n 


that ſide is ſufficient to raiſe them ; but as her 


attraction on the oppoſite ſide is leſs than the 
centrifugal force of the water there, the excels 


of this force is ſufficient to raiſe the weir Jun " 
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hich on the oppoſite ſide,—To prove this expe- Fig · 9. 
cimentally, let the bar DC with its furniture be 

fixed upon the whirling- board of the machine 

(Fig. 1.) by puſhing the pin P into the center 

of the board; which pin is in the center of gra- 

vity of the whole bar with its three balls e, f, g. 

and moon MA. Now if the whirling-board and 

bar be turned ſlowly round by the winch, until 

the ball F hangs over the center of the circle, as 

in Fig. 11. the ball g will be kept toward the 

moon by the heavieſt weight p (Fig. 9.) and 

the ball e, on account of its greater centrifugal 

force, and the leſſer weight /, will fly off as far 

to the other ſide, as in Fig. 11. And thus, while 

the machine 1s Kept turning, the balls e and 

will hang over the end of the ellipſis /f . So 

that the centrifugal force of the ball e will ex- 

ceed the moon's attraction juſt as much as her 
attraction exceeds the centrifugal force of the 

ball g, while her attraction juſt balances the cen- 
trifugal force of the ball /, and makes it kee 

in its circle. And hence it is evident, that the 

tides muſt riſe to equal heights at the ſame time 

on oppoſite ſides of the earth. This experi- 

ment, to the beſt of my knowledge, is entirely 

new. 

From the principles thus eſtabliſhed, it 1s I. 

evident that the earth moves round the ſun, and motion 
not the ſun round the earth ; for the centrifugal demon- 
law will never allow a great body to move round ſtrated. 


a ſmall one in any orbit whatever; eſpecially 4 


when we find that if a ſmall body moves round 
a great one, the great one muſt alſo move round 
the common center of gravity between them two, 
And it is well known that the quantity of matter 
in the ſun is 227000 times as great as the quan- 
tity of matter in the earth. Now, as the ſun's 

diſtance 


Fig. 12. 
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diſtance from the earth is at leaſt 81,000,000 of 
miles, if we divide that diſtance by 227,000, we 
ſhall have only 357 for the number of miles that 
the center of gravity between the ſun and earth 


is diſtant from the ſun's center. And as the 
ſun's ſemidiameter is 3 of a degree, which, at ſo 
great a diſtance as that of the ſun, muſt be no 
leſs than 381500 miles, if this be divided by 357, 
the quotient will be nearly 1069, which ſhews 
that the common center of gravity between the 
fun and earth is within the body of the fun; 
and is only the 1069 part of his ſemidiameter 
from his center toward his ſurface. 

All globular bodies, whoſe parts can yield, 
and which do not turn on their axes, muſt be 
perfect ſpheres, becauſe all parts of their ſurfaces 
are equally attracted toward their centers. But 
all ſuch globes which do turn on their axes will 
be oblate ſpheroids ; that is, their ſurfaces will 
be higher, or farther from the center, in the 
equatorial than in the polar regions. For, as 
the equatorial parts move quickeſt, they muſt 
have the greateſt centrifugal force; and will 
therefore recede fartheſt from the axis of mo- 
tion. Thus, if two circular hoops AB and 
CD, made thin and flexible, and croſſing one 
another at right angles, be turned round their 
axis EF by means of the winch n, the wheel x, 
and pinion o, and the axis be looſe in the pole 
or interſection e, the middle parts A, B, C, D, 


will ſwell out ſo as to ſtrike againſt the ſides of 


the frame at Y and G, if the pole e, in ſinking 
to the pin E, be not ſtopt by it from ſinking 


farther: ſo that the whole will appear of an oval 


figure, the equatorial diameter being conſider- 
ably longer than the polar. That our earth 1s 


of this figure, is demonſtrable from actual mea- 
ſurement 
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ſurement of ſome degrees on its ſurface, which 


are found to be longer in the frigid zones than 
in the torrid: and the difference is found to be 
ſuch as proves the earth's equatorial diameter to 
be 36 miles longer than 1ts axis.—Seeing then, 
the earth is higher at the equator than at the 
poles, the ſea, which like all other fluids natu- 
rally runs downward (or toward the places which 
are neareſt the earth's center) would run toward 
the polar regions, and leave the equatorial parts 
dry, if the centrifugal force of the water, which 
carried it to thoſe parts, and ſo raiſed them, did 
not detain and keep it from running back again 
toward the poles of the earth. 


LEE. I. 


Of the mechanical Powers. 


pare them together, we may do this either 
with reſpect to the quantities of matter they 
contain, or the velocities with which they are 
moved. The heavier any body is, the greater 
is the power required either to move it or to ſtop 
its motion: and again, the ſwifter it moves, the 
greater is its force. So that the whole momen- 
um or quantity of force of a moving body is the 
reſult of its quantity of matter multiplied by the 
velocity with which it is moved. And when the 
products ariſing from the multiplication of the 
particular quantities of matter in any two bodies 
by their reſpective velocities are equal, the mo- 
nenta or entire forces are ſo too. Thus, ſup- 
poſe a body, which we ſhall call A, to weigh 40 


pounds, and to move at the rate of two miles 
in 


47 
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in 4 minute; and another body, which we ſhall 
call B, to weigh only four pounds, and to move 
20 miles in a minute; the entire forces with 
which theſe two bodies would ſtrike againſt any 
obſtacle would be equal to each other, and there. 
fore it would require equa] powers to ſtop them. 
For 40 multiplied by 2 gives 80, the force of 
the body A: and 20 multiphed by 4 gives 80, 
the force of the body B. 

Upon this eaſy principle depends the whole 
of mechanics: and it holds univerſally true, 
that when two bodies are ſuſpended on any 
machine, fo as to act contrary to each other; if 
the machine be put into motion, and the per- 
pendicular aſcent of one body multiphed into 
its weight, be equal to the perpendicular deſcent 
of the other body multiplied into its weight, 
thoſe bodies, how unequal ſoever in their weights, 
will balance one another in all ſituations : for, 
as the whole aſcent of one is performed in the 
ſame time with the whole deſcent of the other, 
their reſpective velocities muſt be directly as the 
ſpaces they move through; and the exceſs of 
weight in one body is compenſated by the excels 

How to Of velocity in the other. Upon this principle it 
compute is eaſy to compute the power of any mechanical 
7 engine, whether ſimple or compound ; for it is 
mecheni. but only finding how much ſwifter the power 
cal en- moves than the weight does (i. e. how much 
xine. farther in the ſame time) and juſt ſo much is the 
power increaſed by the help of the engine. 

In the theory of this ſcience, we ſuppoſe all 
planes perfectly even, all bodies perfectly ſmooth, 
levers to have no weight, cords to be extremely 
pliable, machines to have no friction; and in 
ſhort, all imperfections muſt be fer aſide 25 
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Of the mechanical Powers. 
ie theory be eſtabliſhed ; and then, proper al- 


bowances are to be made. | 
The ſimple machines, uſually called mechanical 


wheel and axle, the pulley, the inclined plane, the 
wedze, and the ſcrew.—They are called mecha- 
ical powers, becauſe they help us mechanically 
d raiſe weights, move heavy bodies, and over- 


come reſiſtances, which we could not effect with- 
out them. 


1. A lever is a bar of iron or wood, one part 


of which being ſupported by a prop, all the 
other parts turn upon that prop as their center 
of motion : and the velocity of every part or 
point is directly as its diſtance from the prop. 
Therefore, when the weight to be raiſed at one 


The me- 
wawers, are fix in number, viz. the lever, the chanic 


powers, 


what. 


The lever n 


end is to the power applied to the other to raiſe 


It, as the diſtance of the power from the prop 
is to the diſtance of the weight from the prop, 
the power and weight will exactly balance or 
counterpoiſe each other : and as a common lever 
nas next to no friction on its prop, a very 
little additional power will be ſufficient to raiſe 
the weight. | 

There are four kinds of levers. 1. The 
common ſort, where the prop is placed between 
the weight and the power; but much nearer to 
tne weight than to the power. 2. When the 
prop is at one end of the lever, the power at the 
other, and the weight between them. 3. When 
the prop is at one end, the weight at the other, 
nd the power applied between them. 4. The 
bended lever, which differs only in form from 
ihe firſt ſort, but not in property. Thoſe of the 
frſt and ſecond kind are often uſed in mechani- 


engines; but there are few inſtances in which 
ne third fort is uſed. © * 


1 


A COM = . 


30 


The Ba- 


lance. 


Plate V. 
Fig. 1. 
The firſt 
kind ot 


lever. 
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A common balance is by ſome reckoned a leyy 
of the firſt kind; but as both its ends are at equy 
diſtances from its center of motion, they mo 
with equal velocities ; and therefore, as it give 
no mechanical advantage, it cannot properly be 
reckoned among the mechanical powers. 

A lever of the firſt kind is repreſented by th 
bar ABC, ſupported by the prop D. Its prin. 
cipal uſe is to looſen large ſtones in the ground, 
or raiſe great weights to ſmall heights, in order 
to have ropes put under them for raiſing then 
higher by other machines. The parts 4B and 
BC, on different ſides of the prop D, are called 
the ams of the lever: the end A of the ſhorter 
arm AB being applied to the weight intended 
to be raiſed, or to the reſiſtance to be overcome; 
and the power applied to the end C of the longer 
arm BC. 

In making experiments with this machine, the 
ſhorter arm AB muſt be as much thicker than 
the longer arm BC, as will be ſufficient to bs 
lance it on the prop. This ſuppoſed, let P r- 
preſent a power, whoſe gravity is equal to 1 
ounce ; and Va weight, whoſe gravity is equ 
to 12 ounces. Then, if the power be 12 time 
as far from the prop as the weight is, they wil 
exactly counterpoiſe ; and a ſmall addition 1 
the power P will cauſe it to deſcend, and rait 
the weight ; and the velocity with which tix 
power deſcends will be to the velocity wit 
which the weight riſes, as 12 to 1: that 5 
directly as their diſtances from the prop; and 
conſequently, as the ſpaces through which theſ 
move. Hence, it is plain, that a man, who if 
his natural ſtrength, without the help of at 
machine, could ſupport a hundred weight, vil 
by the help of this lever be enabled to ey 
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twelve hundred. If the weight be leſs, or the 
power greater, the prop may be placed ſo much 
farther from the weight, and then it can be 
raſed to a proportionably greater height. For, 
univerſally, if the intenſity of the weight mul- 
tiplied into its diſtance from the prop be equal 
to the intenſity of the power multiplied into its 
diſtance from the prop, the power and weight 
will exactly balance each other; and a little ad- 
dition to the power will raiſe the weight. Thus, 
n the preſent inſtance, the weight V is 12 
ounces, and its diſtance from the prop is 1 inch; 
and 12 multiplied by 1 is 12; the power P is 
equal to 1 ounce, and its diſtance from the prop 
s12 inches, which multiphed by 1 is 12 again; 
md therefore there is an equilibrium between 
them. So, if a power equal to 2 ounces be ap- 
pled at the diftance of 6 inches from the prop, 
t will juſt balance the weight V/; for 6 multi- 
pled by 2 is 12, as before. And a power equal 
to 3 ounces placed at 4 inches diſtance from the 
prop would be the ſame ; for 3 times 4 is 12; 
and ſo on, in proportion. 

The fatera or Roman ſteclyard is a lever of The fal. 
tus kind, and is uſed for finding the weights of. 
itterent bodies by one ſingle weight placed at 
ilterent diſtances from the prop or center of 
motion D. For, if a ſcale hangs at A, the ex- 
Iremity of the ſhorter arm AB, is of ſuch 
weight as will exactly counterpoiſe the longer 
m BC; if this arm be divided into as many 
qual parts as it will contain, each equal to AB, 
de ſingle weight P (which we may ſuppoſe to 
* pound) will ſerve for weighing any thing 
s heavy as itſelf, or as many times heavier as 
ere are diviſions in the arm BC, or any quan- 
ty between its own weight and that quantity. 
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As for example, if P be 1 pound, and placed 
at the firſt diviſion 1 in the arm BC, it wil 
balance 1 pound in the ſcale at A: if it be re. 
moved to the ſecond diviſion at 2, it will ba. 
lance 2 pounds in the ſcale: if to the third, | 
pounds; and fo on to the end of the arm BC 
If each of theſe integral diviſions be ſubdivided 
| into as many equal parts, as a pound contaits 
ounces, and the weight P be placed at any dt 
theſe ſubdiviſions, ſo as to counterpoiſe what i 
in the ſcale, the pounds and odd ounces therein 
will by that means be aſcertained. 
To this kind of lever may be reduced ſeve. 
ral forts of inſtruments, ſuch as ſciſſars, pincerz 
inuffers; which are made of two levers acting 
| contrary to one another: their prop or center ct 
| motion being the pin which keeps them tog. 
ther. 
| In common practice, the longer arm of this 
lever greatly exceeds the weight of the ſhorter: 
which gains great advantage, becauſe it adds 1 
much to the power. 
1e A lever of the ſecond kind has the welt 
cond kind between the prop and the power, In this, z 
ot lever. well as the former, the advantage gained 1s © 
the diſtance of the power from the prop to tit 
| diſtance of the weight from the prop: for tit 
reſpective velocities of the power and weight a 
| 


in that proportion; and they will balance ea 

other when the intenſity of the power mult 

plied by its diſtance from the prop is equal! 

the intenſity of the weight multiplied by its dt 

fig. 2. tance from the prop. Thus, if AB be a let 
on which the weight 7 of 6 ounces hangs at the 
diſtance of 1 inch from the prop &, and a pow 

P equal to the weight of 1 ounce hangs at © 

end B, 6 inches from the prop, by the 7 

A 


Of the mechanical Powers. 53 


-- WF CD going over the, fixed pulley E, the power 
will juſt ſupport the weight: and a ſmall addi- 
tion to the power will raiſe the weight, 1 inch 
for every 6 inches that the power deſcends. 

This lever ſhews the reaſon why two men 
carrying a burden upon a ſtick between them, 
bear unequal ſhares of the burden in the in- 
verſe proportion of their diſtances from it. For 


* 0 it is well known, that the nearer any of them is 
* v che burden, the greater ſhare he bears of it: 
den nd if he goes directly under it, he bears 

the whole. So, if one man be at G, and the 
eve- Wil other at P, having the pole or ſtick AB reſting 
cer en their ſhoulders; if the burden or weight / 
7 be placed five times as near the man at G, as it 


s to the man at P, the former will bear five 
times as much weight as the latter. This is 
„ lewiſe applicable to the caſe of two horſes of 
f Du unequal ſtrength to be ſo yoked, as that each 
", Worſe may draw a part proportionate to his 
105 1 trength; which is done by ſo dividing the beam 
they pull, that the point of traction may be as 
much nearer to the ſtronger horſe than to the 
veaker, as the ſtrength of the former exceeds 
that of the latter. 
To this kind of lever may be reduced oars, 
ders of ſhips, doors turning upon hinges, 
uting-knives which are fixed at the point of 
he blade, and the like. | 


= If in this lever we ſuppoſe the power and The third 
* echt to change places, fo that the power may a of 
; exe e between the weight and the prop, it will be-“ e. 


ome a lever of the third kind: in which, that 


t de 
* ond ere may be a balance between the power and 
„e wei 5 - 
g at tle weight, the intenſity of the power muſt ex 


ed the intenſity of the weight, juſt as much 
tne diſtance of the weight from the prop ex- 
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ceeds the diſtances of the power from it. Th, ug 
let E be the prop of the lever AB, and J/ x 5 
weight of 1 pound, placed 3 times as far from i 
the prop, as the power P acts at , by the A C 
cord C going over the fixed pulley D; in this Ach 
caſe, the power muſt be equal to three pcunds, : 
in order to ſupport the weight. 7 
Jo this ſort of lever are generally referred “ 
the bones of a man's arm: for when we lift a whe 
weight by the hand, the muſcle that exerts id 7x 
force to raiſe that weight, 1s fixed to the bone 3 
about one tenth part as far below the elbow & 7 
the hand is. And the elbow being the cente: WW - . 
round which the lower part of the arm turns, i * i 
the muſcle mult therefore exert a force ten time wa 
as great as the weight that 1s raiſed, a 
As this kind of lever is a diſadvantage to th: = 
moving power, it is never uſed but in cafes d Sp 
neceſlity ; ſuch as that of a ladder, which bei he C 
fixed at one end, is by the ſtrength of a mar; 2 
arms reared againſt a wall. And in clock vo- * 
where all the wheels may be reckoned It ven d : whe 
this kind, becauſe the power that moves ev A 
wheel, except the firſt, acts upon it near the ce, lich 
ter of motion by means of a ſmall pinion, 4 en ry 
the reſiſtance it has to overcome, acts againſt t gn a e 
teeth round its circumference. . 
The fourth kind of lever differs nothing fen eto. 
the firſt, but in being hended for the ſake of col * . 
venience. AC is a lever of this fort, bencts 3 
at C, which is its prop, or center of mot Hor = 
P is, a power acting upon the longer arm AC * wheel | 
F, by means of the cord DE going over ah 
pulley G; and V is a weight or reſiſtance acts kneth 
upon the end B of the ſhorter arm BC. If de Cy a. 


power is to the weight, as CB is to CF, ti 
are in eguilibrio. Thus, ſuppoſe I to *} 


pod 
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pounds acting at the diſtance of one foot from 


the center of motion C, and P to be 1 pound 


acting at F, five feet from the center C, the 


power and weight will juſt balance cach other. 
A hammer when uſed in drawing a nail is a lever 
of this fort. 


2. The ſecond mechanical power is the <vhee! The abe 


55 


ond axle, in which the power is applied to the 2 . 


circumference of the wheel, and the weight is 
niſed by a rope which coils about the axle as the 
wheel is turned round. Here it is plain that 
the velocity of the power mult be to the velocity 
of the weight, as the circumference of the wheel 
b to the circumference of the axle: and conſe- 
quently, the power and weight will balance each 
other, when the intenſity of the power is to the 
intenſity of the weight, as the circumference of 
the axle is to the circumference of the wheel. 
Let 4B be a wheel, CD its axle, and ſuppoſe Fig. 5, 
the circumference of the wheel to be 8 times as 


great as the circumference of the axle; then, a 


power P equal to 1 pound hanging by the cord 
I, which goes round the wheel, will balance a 
weight J/ of 8 pounds hanging by the rope X, 
wich goes round the axle. And as the friction 
on the pivots. or gudgeons of the axle is but 
mall, a ſmall addition to the power will cauſe 
It to defcend, and raiſe the weight: but the 
weight will riſe with only an eighth part of the 
relocity wherewith the power deſcends, and con- 
kquently, through no more than an eighth part 
of an equal ſpace, in the ſame time. If the 
Wheel be pulled round by the handles S, &, the 
power will be increaſed in proportion to their 
ength. And by this means, any weight may 
* raiſed as high as the operator pleaſes, 

E 3 To 
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To this fort of engine belong all cranes for 
raiſing great weights; and in this caſe, the 
wheel may have cogs all round it inſtead of han- 
dles, and a ſmall lantern or trundle may be made 
to work in the cogs, and be turned by a winch; 
which will make the power of the engine to ex- 
ceed the power of the man who works it, as 
much. as the number of revolutions of the winch 
exceed thoſe of the axle D, when multiplied 
by the exceſs of the length of the winch above 
the length of the ſemidiameter of the axle, 
added to the ſemidiameter or half thickneſs of 
the rope K, by which the weight 1s drawn up.— 
Thus, ſuppoſe the diameter of the rope and 
axle taken together, to be 13 inches, and conſe- 
quently, half their diameters to be 64 inches; ſo 
that the weight V will hang at 6 inches per- 
pendicular diſtance from below the center gf 
the axle. Now, let us ſuppoſe the wheel 45, 
which is fixt on the axle, to have 80 cogs, and 
to be turned by means of a winch 6 inches 
long, fixt on the axis of a trundle of 8 ſtaves or 
rounds, working in the cogs of the wheel.— 
Here it is plain, that the winch and trundie 
would make 10 revolutions for one of the wheel 
AB, and its axis D, on which the rope K wind 
in raifing the weight ; and the winch being 
no longer than the ſum of the ſemidiameters df | 
the great axle and rope, the trundle could have 
no more power on the wheel, than a man could 
have by pulling it round by the edge, becault 
the winch would have no greater velocity that 
the edge of the wheel has, which we here fup- 
poſe to be ten times as great as the velocity 0 
the riſing weight: ſo that, in this caſe, tit 

ower gained would be as 10 to 1. But if tit 


ength of the winch be 13 inches, the powe 
galne 
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gained will be as 20 to 1 : if 194 inches (which 


is long enough for any man to work by) the 
power gained would be as 30 to 1; that is, a 
man could raiſe 30 times as much by ſuch an 
engine, as he could do by his natural ſtrength 
without it, becauſe the velocity of the handle of 
the winch would be 3o times as great as the ve- 


bcity of the riſing weight; the abſolute force 


of any engine being in proportion of the velocit 

of the power to the velocity of the weight raiſed 
by it —But then, juſt as much power or advan- 
tage as is gained by the engine, fo much time is 
Joſt in working it. In this fort of machines it 1s 
requiſite to have a ratchet-wheel G on one end 
of the axle, with a catch H to fall into its teeth ; 
which will at any time ſupport the weight, and 
keep it from deſcending, if the perſon who turns 
the handle ſhould, through inadvertency or care- 


leſſne ſs quit his hold while the weight is raiſing. 


And by this means, the danger is prevented which 
might otherwiſe happen by the running down of 


che weight when left at liberty. 
3. The third mechanical power or engine con- The u 
liſts either of one moveable pulley, or a ſyſtem f. 


pulleys ; ſome in a block or caſe which is fixed, 
and others in a block which is moveable, and 
nies with the weight. For though a ſingle 
pulley that only turns on its axis, and moves not 
out of its place, may ſerve to change the di- 
rection of the power, yet it can give no mecha- 
nical advantage thereto ; but is only as the beam 
of a balance, whoſe arms are of equal length and 


weight. Thus, if the equal weights V and P Fig. 6. 


hang by the cord B B upon the pulley 4, whoſe 
frame 6 is fixed to the beam H, they will coun- 
terpoiſe each other, juſt in the ſame manner as 
if the cord were cut in the middle, and its two 
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ends hung upon the hooks fixt in the pulley at 
A and A, equally diſtant from its center. 

But if a weight / hangs at the lower end c 
the moveable block p of the pulley D, and the 
cord GF goes under that pulley, it is plain tha: 
the half 6 of the cord bears one half of the 
weight V, and the half F the other; for they 
bear the whole between them. Therefore 
whatever holds the upper end of either rope, 
{ſuſtains one half of the weight: and if the cord 
at F be drawn up fo as to raiſe the pulley D to ( 
the cord will then be extended to its whole 
length, all but that part which goes under tit 
pulley : and conſequently the power that ray; 


the cord will have moved twice as far as the 


pulley D with its weight V riſes; on which 
account, a power whole intenſity 1s equal to one 
half of the weight will be able to ſupport i, 
becaule if the power moves (by means of a fmal 
addition) its velocity will be double the velocty 
of the weight; as may be ſeen by putting ti: 
cord over the fixt pulley C (which only changr: 
the direction of the power, without giving any 
advantage to it) and hanging on the weight P, 
which is equal only to one half the weight //; 
in which caſe there will be an equilibrium, and: 
little addition to P will cauſe it to deſcend, an 
raiſe J/ through a ſpace equal to one half of that | 
through which P deſcends.— Hence, the advan- 
tage gained will be always equal to twice the 
number of pulleys in the moveable or undermot 
block. So that, when the upper or fixt block 
contains two pulleys, which only turn on the! 
axis, and the lower or moveable block U con- 
tains two pulleys, which not only turn upon the! 
axis, but alſo riſe with the block and weight. 
the advantage gained by this is as 4 to it 
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working power. Thus, if one end of the rope 
MO A be fixed to a hook at 7, and the rope 
paſſes over the pulleys V and A, and under the 
pulleys L and P, and has a weight L, 0, one 
ound, hung to its other end at 7, this weight 
will balance and ſupport a weight of four 
pounds hanging by a hook at the” moveable 
block U, allowing the ſaid blocictas a part of the 
weight. And it as much more-power be added, 
as is ſufficient to overcome: the friction of the 
pulleys, the power will de ſcefct- with four times 
235 much velocity as the weight riſes, and conſe- 
quently through four times as much ſpace. 
The two pulleys in the fixed block A, and 
the two in the moveable block JV, are in the 
fame caſe with thoſe laſt mentioned; and thoſe 
in the lower block give the ſame advantage to 
the power. 
As a ſyſtem of pulleys has no great weight, 
and lies in a ſmall compaſs, it is eaſily carried 
about; and can be applied in a great many 
cafes, for raiſing weights, where other engines 
cannot. But they have a great deal of friction 
on three accounts: 1. Becauſe the diameters of 
their axes bear a very conſiderable proportion to 
their own diameters; 2. Becauſe in working 
they are apt to rub againſt one another, or againſt 
the ſides of the block; 3. Becauſe of the ſtiffneſs 
of the rope that goes over and under them. 
4. The fourth mechanical power is the in- The . 
ined plane, and the advantage gained by it is % 
as great as its length exceeds its perpendicular!“ 
height. Let AB be a plane parallel to the hori- Plate VI. 
z0n, and CD a plane inclined to it; and ſuppoſe Fig. 1. 
the whole length CD to be three times as great 
the perpendicular height G f F: in this caſe, 
che cylinder E will be ſupported upon the _ 
CD, 
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CD, and kept from rolling down upon it, by 
a power equal to a third part of the weight gt 
the cylinder. Therefore, a weight may be rolled N.oud 
up this inclined plane with a third part of the o kee 
power which would be ſufficient to draw it up h let 
the fide of an upright wall. If the plane vs gender 
four times as long as high, a fourth part of the N. hook 


ri 
to its 


power would be ſufficient; and ſo on, in pro- wer tl 
portion. Or, if a weight was to be raiſcd from : ¶ vid to 
floor to the height GE, by means of the machine c the 
ABCD, (which would then act as a half wedge, C ade 


where the reſiſtance gives way only on one ſide) 


ular 
the machine and weight would be in equilibriowhen * 
the power applied at GF was to the weight to pon 
be raiſed, as GF to GB; and if the power be Wii e 
increaſed, fo as to overcome the friction of the equal 
machine againſt the floor and weight, the machine Nute we 
will be driven, and the weight raiſed : and when WW; ur 
the machine has moved its whole length upon WM oye 
the floor, the weight will be raiſed to the whole Wl gh ole 


height from G to F. 
The force wherewith a rolling body deſcends tothe 
upon an inclined plane, is to the force of its ab- If t 
ſolute gravity, by which it would deſcend per. Wl cr 556 
pendicularly in a free ſpace, as the height d upon 
the plane is to its length. For, ſuppoſe the plane Bl plane, 
AB to be parallel to the horizon, the cylinder C drew 
will keep at reſt upon any part of the plane plane 
where it is laid. If the plane be ſo elevated, Wl the a 
that its perpendicular height D is equal to hall WM yi.Þ. 
its length AB, the cylinder will roll down upon mach 
the plane with a force equal to half its weight; Wl 4p 
for it would require a power (acting in the di- wher, 
rection of AB) equal to half its weight, to keep unde; 
it from rolling. If the plane AB be elevated, WM the h. 
ſo as to be perpendicular to the horizon, the 05 laid 1 
linder C will deſcend with its whole force c cp, 
gr avit), of th 
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mvity, becauſe the plane contributes nothing 
v its ſupport or hindrance ; and therefore, it 
mould require a power equal to its whole weight 
p keep it from deſcending. 

Let the cylinder C be made to turn upon Fig. 5. 
ſender pivots in the frame D, in which there is 
2 hook e, with a line G tied to it: let this line go 
over the fixed pulley Il, and have its other end 
ted to the hook in the weight J. If the weight 
of the body J, be to the weight of the cylinder 
C added to that of its frame D, as the perpen- 
dcular height of the plane LM 1s to its length 
I, the weight will juſt ſupport the cylinder 
upon the plane, and a ſmall touch of a finger 
wil either cauſe it to aſcend or deſcend with 
equal eaſe : then, if a little addition be made to 
the weight J, it will deſcend, and draw the cylin- 
der up the plane. In the time that the cylinder 
moves from 4 to B, it will riſe through the 
whole height of the plane ML; and the weight 
vill deſcend from FH to K, through a ſpace equal 
to the whole length of the plane AB. 

If the machine be made to move upon rollers 
or friction- Wheels, and the cylinder be ſupported 
upon the plane CB by a line G parallel to the 
plane, a power ſomewhat leſs than that which 
drew the cylinder up the plane will draw the 
plane uhder the cylinder, provided the pivots of 
the axes of the friction-wheels be ſmall, and the 
wheels themſelves be pretty large. For, let the 
machine ABC (equal in length and height to Fig. 6. 
ABM, Fig. 5.) move upon four wheels, two 
whereof appear at D and E; and the third 
under C, while the fourth is hid from ſight by 
the horizontal board a. Let the cylinder F be 
lad upon the lower end of the inclined plane 
CB, and the line G be extended from the =— 
of the cylinder, about ſix feet parallel to the 
; plane 
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plane CB; and, in that direction, fixed to a hogk 
in the wall; which will ſupport the cylinder, and 
keep it from rolling off the plane. Let one end 
of the line H be tied to a hook at C in the ma. 
chine, and the other end to a weight X, ſome. 
what leſs than that which drew the cylinder up 
the plane before. If this line be put over the 
fixed pulley J, the weight K will draw the ma- 
chine along the horizontal plane Z, and under 


the cylinder F: and when the machine has been 


drawn a little more than the whole length CA 
the cylinder will be raiſed to 4, equal to the per- 
pendicular height 4B above the horizontal par 
at A. The reaſon why the machine muſt be 
drawn further than the whole length CA is, be- 
cauſe the weight F riſes perpendicular to CB. 
To the inclined plane may be reduced all 
hatchets, chiſeis, and other edge-tools which are 


_ chamfered only on one fide. 


5. The fifth mechanical power or machine i; 
the wedge, which may be confidered as two 
equally inclined planes DEF and CE F, joined 
together at their baſes e EFO: then DC is the 
whole thickneſs of the wedge at its back A BCD, 
where the power is applied: EF is the depth or 
heighth of the wedge : DF the length of one of 
its ſides, equal to CF the length of the other 
ſide; and OF is its ſharp edge, which is entered 
into the wood intended to be ſplit by the force of 
a hammer or mallet ſtriking perpendicularly od 
its back. Thus AB is a wedge driven into 
the cleft CDE of the wood FG. | 

When the wood does nor cleave at any diſ- 
tance before the wedge, there will be an equili- 
brium between the power impelling the wedge 
downward, and the reſiſtance of the wood act- 
ing againſt the two ſides of the wedge when the 


power is to the reſiſtance, as half the thickoe® 
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o the wedge at its back is to the length of either 
o its des ; becauſe the reſiſtance then acts per- 
xendicular to the ſides of the wedge. But, when 
the reſiſtance on each fide acts parallel to the 
back, the power that balances the reſiſtances on 
both ſides will be as the length of the whole 
back of the wedge is to double its perpendicular 
height. 

When the wood cleaves at any diſtance before 
the wedge (as it generally does) the power im- 
ling the wedge will not be to the reſiſtance of 
the wood, as the length of the back of the wedge 
x to the length of both its ſides ;- but as half 
the length of the back is to the length of either 
fide of the cleft, eſtimated from the top or acting 
part of the wedge. For, if we ſuppoſe the wedge 
to be I ngthened down from & to the bottom of 
the cleft at E, the ſame proportion will hold; 
namely, that the power will be to the reſiſtance, 
% half the length of the back of the wedge is to 
the length l either of its ſides: or, which 
amounts to the ſame thing, as the whole length 
0! the back is to the length of both the ſides. 

In order to prove what is here advanced con- 
cerning the wedge, let us ſuppoſe the wedge to 
be divided lengthwiſe into two equal parts; and 
then it will become two equal inclined planes ; 


one of which, as @ bc, may be made uſe of as a pig. 3. 


half wedge for ſeparating the moulding c from 
tac wainſcot AB. It is evident, that when this 
half wedge has been driven its whole length a c 
between the wainſcot and moulding, its ſide a c 
will be at ed; and the moulding will be ſepa- 
ated to f g from the wainſcot. Now, from what 
las been already proved of the inclined plane, it 
pears, that to have an equilibrium between the 
power impelling the half wedge, and the reſiſt- 
Ace of the moulding, the former mult be to the 

latter, 


Fig. 20. 


back a is to the whole fide 2 c, it is plain, that 
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latter, as h to ac; that is, as the thickneſs of the 
back which receives the ſtroke is to the length 
of the ſide againſt which the moulding a&;, 
Therefore, fince the power upon the half wedge 
is to the reſiſtance againſt its ſide, as the half 


the power upon which the whole wedge (where 
the whole back is double the half back) muſt be 
to the reſiſtance againſt both its ſides, as the 
thickneſs of the whole back is to the length of 
both the ſides ; ſuppoſing the wedge at the bot. 
tom of the cleft: or as the thickneſs of the whole 
back to the length of both ſides of the clef, 
when the wood ſplits at any diſtance before the 
wedge. For, when the wedge is driven quite 
into the wood, and the wood ſplits at ever ſo 
{mall a diſtance before its edge, the top of the 
wedge then becomes the acting part, becauſe the 
wood does not touch it any where elſe. And 
ſince the bottom of the cleft muſt be conſidered 
as that part where the whole ſtickage or reſiſtance 
is accumulated, it is plain, from the nature of 
the lever, that the farther the power adts from 
the reſiſtance, the greater 1s the advantage. 
Some writers have advanced, that the power 
of the wedge is to the reſiſtance to be overcome, 
as the thickneſs of the back of the wedge is to 
the length only of one of its ſides ; which ſeems 
very ſtrange : for, if we ſuppoſe AB to be a 
ſtrong inflexible bar of wood or iron fixt into the 
ground at CB, and D and E to be two blocks of 
marble lying on the ground on oppoſite ſides ot 
the bar; it 13 evident that the block D may be 
ſeparated from the bar to the diſtance 4, equal to 
b, by driving the inclined plane or half wedge 
c b o down between them; and the block E may 
be ſeparated to an equal diſtance on the other 
fide, in like manner, by the half wedge 64“. 
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But the power A Fare half wedge will be 
o the reſiſtance of the block againſt its ſide, as 
the thickneſs of that half wedge is to its perpen- 
dicular height, becauſe the block will be driven 
off perpendicularly to the fide of the bar AB. 
Therefore the power to drive both the half 
wedges is to both the reſiſtances, as both the 
half backs is to the perpendicular height of each 
half wedge. And if the bar be taken away, the 
blocks put cloſe together, and the two half 
wedges joined to make one ; 1t will require as 
much force to drive it down between the blocks, 
8 is equal to the ſum of the ſeparate powers 
acting upon the half wedges when the bar was 
between them. 


To confirm this by an experiment, let two Fig. 1. 


cylinders, as AB and CD, be drawn toward one 
another by lines running over fixed pulleys, and 
a weight of 40 ounces hanging at the- lines be- 
longing to each cylinder: and let a wedge of 
40 ounces weight, having its back juſt as thick as 
either of its ſides is long, be put between the 
cylinders, which will then act againſt each ſide 
wich a reſiſtance equal to 40 ounces, while its 
own weight endeavours to bring it down and 
leparate them. And here, the power of the 
wedoe's gravity impelling it downward, will be 
o the reſiſtance of both the cylinders againſt the 
wedge, as the thickneſs of the wedge is to double 
5 perpendicular height; for there will then be 
a equilibrium between the weight of the wedge 


nd the reſiſtance of the cylinders againſt it, and 


t will remain at any height between them; re- 
quring juſt as much power to puſh it upward 
to pull it downward.—If another wedge of 
qual weight and depth with this, and only half 
5 thick, be put between the cylinders, it will 
<Quire twice as much weight to be hung at the 

ends 
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ends of the lines which draw them together, t 
keep the wedge from going down between them. 
That is, a wedge of 40 ounces, whoſe back is 
only equal to half its perpendicular height, will 
require 80 ounces to each cylinder, to keep it in 
an equilibrium between them: and twice 80 iz 
160, equal to four times 40. So that the power 
will be always to the reſiſtance, as the thickness 
of the back of the wedge 1s to twice 1ts perpen- 
dicular height, when the cylinders move off in 
a line at right angles to that perpendicular. 
The beſt way, though perhaps not the neateſt, 
that I know of, for making a wedge with its 
appurtenances for ſuch experiments, is as fol. 
lows. Let KILM and LMNO be two flat 
pieces of wood, each about fifteen inches long, 
and three or four in breadth, joined together by 
a hinge at LM; and let P be a graduated arch 
of brals, on which the ſaid pieces of wood may 
be opened to any angle not more than 60 degrees, 
and then fixt at the given angle by means of 
the two ſcrews @ and 3. Then, IX NO will 
repreſent the back of the wedge, L M its ſharp 
edge which enters the wood, and the outſides of 
the pieces X II. AI and LMNO the two ſides of 
the wedge again{t which the wood acts in cleav- 
ing. By means of the ſaid arch, the wedge may 
be opened ſo, as to adjuſt the thickneſs of 1s 
back in any proportion to the length of either of 
its ſides, but not to exceed that length: and any 
weight as p may be hung to the wedge upon the 
hook M, which weight, together with the weigit 
of the edge itſelf, may be conſidered as the 
impelling power; which is all the ſame in the ex. 


periment, whether it be laid upon the back of 


the wedge to puſh it down, or hung to its edge to 
pull it down. Let AB and CD be two wooden 
cylinders, each about two inches thick, Whete 


they 
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„ey touch the outſides of the wedge ; and let 
em, Whheir ends be made like two round flat plates, to 
k s Wlkeep the wedge from flipping off edgewiſe from 


will Netween them. Let a ſmall cord with a loop on 
it in Wore end of it, go over a pivot in the end of each 


o 1s Wllcrlinder, and the cords & and T belonging to the 
er Wlcrlinder A B go over the fixt pulleys V and A, and 


"nes 


pen- Which any weight as Z may be hung at pleaſure. 
ffn Nia like manner, let the cords 2 and R belonging 
p the cylinder CD go over the fixt pulleys / and 
ateſt, Uto the bar v 4, on which a weight 7 equal to 2 
h itz may be hung. Theſe weights, by drawing the cy- 
fol. Inders toward one another, may be conſidered as 
flat WW reſiſtance of the wood acting equally againſt 
long, Woppoſite ſides of the wedge ; the cylinders them- 
er by Wives being ſuſpended near, and parallel to each | 
arch Wether, by their pivots in loops on the lines 
map T, G, E; which lines may be fixed to hooks in 
zrees, Wine cicling of the room. The longer theſe lines 
ns of re, the better; and they ſhould never be leſs than 
) will er feet each. The farther alſo the pulleys 
ſhar? U and X, are from the cylinders, the truer 
les ot the experiments be: and they may turn 
ies ot Nen pins fixed into the wall. 
lcav- la this machine, the weights 7” and Z, and the 
: ma} eight 2, may be varied at pleaſure, ſo as to be 
of 15 chatte in proportion of double the wedge's per- 
her of pendicular height to the thickneſs of its back: 
d am d when they are ſo adjuſted, the wedge will be 
on the f equthibrio with the reſiſtance of the cylinders. 
veight The wedge is a very great mechanical power, 
as the Mice not only wood but even rocks can be ſplit 
hc * r; which would be impoſſible to effect by the 
ck of ever, wheel and axle, or pulley : for the force 
geo he blow, or ſtroke, ſhakes the cohering parts, 
cy | thereby makes them ſeparate more eaſily. 
whe! 


6. The 
they 


be faſtened at their other ends to the bar w x, on 
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13. 


ſcrew; which cannot properly be called a ſimyl: 


Of the mechanical Powers, 
6. The ſixth and laſt mechanical power is the 


machine, becauſe it is never uſed without th- 
application of a lever or winch to aſſiſt in tum. 
ing it: and then it becomes a compound engine 
off a very great force either in preſſing the par; 
of bodies cloſer together, or in raiſing ere 
weights. It may be conceived to be mad: by 
cutting a piece of paper ABC (Fig. 12.) int) 
the form of an inclined plane or half wedge, and 
then wrapping it round a cylinder AB (Fig. 13) 
And here it is evident, that the winch E mut 
turn the cylinder once round before the weight 
of reſiſtance D can be moved from one fpiril 
winding to another, as from d to c : therefore, 
as much as the circumference of a circle ck. 
ſcribed by the handle of the winch, is greater 
than the interval or diſtance between the ſpirals, f 
much is the force of the ſcrew. Thus, ſuppoſing 
the diſtance between the ſpirals to be half an inch, 
and the length of the winch to be twelve inches; 
the circle deſcribed by the handle of the winch 
where the power acts will be 76 inches nearly, c 
about 1 52 half inches, and conſequently 152 times 
as great as the diſtance between the ſpirals: an 
therefore a power at the handle, whoſe intenſity 
is equal to no more than a ſingle pound, will ba- 
lance 152 pounds acting againſt the ſcrew, an 
as much additional force, as is ſufficient to oe. 
come the friction, will raiſe the 152 pounds; 4 
the velocity of the power will be to the velocity 
of the weight, as 152 to 1. Hence it appeat 
that the longer the winch is, and the nearer tt 
ſ>irals are to one another, ſo much the greater 
the force of the ſcrew. | 
A machine for ſhewing the force or power © 
the ſcrew may be contrived in the follow!" 
5 anne! : 
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manner: Let the wheel C have a ſcrew @& on Fig. 14. 
its axle, working in the teeth of the wheel D, 
which ſuppoſe to be 48 in number. It is plain, 
that for every time the wheel C and ſcrew a b are 
turned round by the winch 4, the wheel D will 
be moved one tooth by the ſcrew ; and there- 
fore, in 48 revolutions of the winch, the wheel 
D will be turned once round. Then, if the cir- 
cumference of a circle deſcribed by the handle of 
the winch A be equal to the circumference of a 
groove e round the wheel D, the velocity of the 
handle will be 48 times as great as the velocity 
of any given point in the groove. Conſequently, 
if a line G (above number 48) goes round the 
groove e, and has a weight of 48 pounds hung 
to it below the pedeſtal EI, a power equal to 
one pound at the handle will balance and ſupport 
the weight. To prove this by experiment, ler 
the circumferences of the grooves. of the wheels 


— 
*., 


Cand D be equal to one anoth&; and then if 
a weight H of one pound be ſuſpended by a line 
going round the groove of the wheel C, it will 
balance a weight of 48 pounds hanging by the 


line G; and a ſmall addition to the weight 77 
will cauſe it to deſcend, and fo raiſe up the other b 
weight. 


If the line 6, inſtead of going round the 
groove e of the wheel D, goes round its axle J; 
the power of the machine will be as much in- 
creaſed, as the circumference of the groove e 
exceeds the circumference of the axle: which, 
ſuppoſing it to be ſix times, then one pound at 
H will balance 6 times 48, or 288 pounds hung 
to the line on the axle: and hence. the power or 
advantage of this machine will be as 288 to 1. . 
That is to ſay, a man, who by his natural 7 
ſtrength could lift. a hundred weight, will be 

F 2 able 


- "nee ya S 2 = 2 — -4 
> . «>; — — _ 


70 


plate VII. 
Fig. 1. 


A combi- 
nation of 
all the me- 
chanical 
POWers. 


wedge. 


Of the mechanical Powers. 


able to raiſe 288 hundred, 
by this engine. 

But the following engine is ſtill more power- 
ful, on account of its having the addition of 
four pulleys: and in it we may look upon all 
the mechanical powers as combined together, 
even if we take in the balance. For, as the axle 
D of the bar AB enters its middle at C, it is plain 
that if equal weights are ſuſpended upon any two 
pins equi-diſtant from the axis C, they will coun- 
terpoiſe each other. It becomes a lever by 
hanging a ſmall weight P upon the pin , and a 
weight as much heavier upon etther of the pins 
b, c, d, e, or f, as is in proportion to the pins 
being ſo much nearer the axis. The wheel and 
axle FG is evident; ſo is the ſcrew E which 
takes in the inclined plane, and with it the half 
Part of a cord goes round the axle, the 
reſt under the lower pulleys K, m, over the upper 
pulleys L, u, and then it is tied to a hook at n 
in the lower or moveable block, on which the 
weight / hangs. 

In this machine, if the wheel F has 30 teeth, 
it will be turned once round in thirty revo- 
lutions of the bar AB, which is fixt on the 
axis D of the ſcrew E, if the length of the bar 
is equal to twice the diameter of the wheel, the 
pins @ and 7 at the ends of the bar will move 60 
times as faſt as the teeth of the wheel do: and 
conſequently, one ounce at P will balance 60 
ounces hung upon a tooth at ꝗ in the horizontal 
diameter of the wheel. Then, if the diameter of 
the wheel F is ten times as great as the diameter 
of the axle G, the wheel will have 10 times the 
velocity of the axle; and therefore one ounce P 
at the end of the lever AC will balance 10 times 
bo or 609 ounces hung to the rope Il which goes 
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round the axle. Laſtly, if four pulleys be added, 
they will make the velocity of the lower block 
x, and weight V, four times leſs than the velo- 
city of the axle: and this being the laſt power 
in the machine, which is four times as great as 
that gained by the axle, it makes the whole 
power of the machine 4 times 600, or 2400. 
do that a man who could lift one hundred weight 
n his arms by his natural ſtrength, would be 
tble to raiſe 2400 times as much by this en- 
cine —But it is here as in all other mechanical 
aſs; for the time loſt is always as much as the 
power gained, becavie the 3 with which 
tie power moves will ever exceed the velocity 
mth which the weight riſes, as much as the in- 


enfity of the weight exceeds the intenſity of the 
power. 


&rable ; and there are few compound engines, 
but what, upon account of the friction of the 
parts againſt one another, will require a third 
part more of power to work them when loaded, 
tian what is ſufficient to conſtitute a balance 
betyeen the weight and the power. 


LECT. IV; 


of mills, cranes, wheel-carriages, and the engine 
for driving piles. 


S theſe engines are ſo univerſally uſeful, it 


would be needleſs to make any apology 
br deſcribing them. - Jp 


Mer may be about ten feet, AA is the great 
Mel, which is generally about 17 or 18 feet in 
F 3 diameter, 


7» 


The friction of the ſcrew itſelf is very conſi- 


la a common breaft-mill, where the fall of plate VII. 


Fig. 2. 
A commo 
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diameter, reckoned from the outermoſt edge of 550 
any float board at à to that of its oppoſite float at xy i 
5. To this wheel the water is conveyed through "| 
a channel, and by falling upon the wheel, turns ce 
it round. 
On the axis BB of this wheel, and within the = 


mill-houſe, is a wheel D, about 8 or 9g feet dia- be f 
meter, having 61 cogs, which turn a trundle E. 
containing ten upright ſtaves or rounds; and 1 
when theſe are the number of cogs and rounds, 4 


- 
the trundle will make 6 revolutions for one 4 1 
revolution of the Wheel. K 


The trundle is fixt upon a ſtrong iron axis * 
called the ſpindle, the lower end of which turns in l 
a braſs foot, fixt at # in the horizontal beam & On 1 
called the bridge-tree ; and the upper part of the , 
ſpindle turns in a wooden buſh fixt into the nether 
millſtone which hes upon beams in the floor 77. . 
The top part of the ſpindle above the buſh is "2 
{quare, and goes into a ſquare hole in a ſtrong iron : 
croſs a þ cd (fee Fig. 3.) called the rynd ; under , - 
which, and cloſe to the buſh, is a round piece a 


thick leather upon the ſpmdle, which it tum 1 8 
round at the ſame time as it does the rynd. turn 

The rynd is let into grooves in the under ſur- 7 
face of the running millitone G (Fig. 2.) and e If 
turns it round in the ſame time that the trundle E Bl 
is turned round by the cog- wheel D. This mil- -- 1 
ſtone has a large hole quite through its middle, "48 
called the eye of the ſtone, through which the = 
middle part of the rynd and upper end of ty _ . 
ſpindle may be ſeen ; while the four ends of ts + 
rynd he hid below the ſtone in their grooves. hop 


The end T of the bridge-tree 78 (which ſup 
ports the upper millſtone G upon the ſpindle) | 
fixed into a hole in the wall; and the end & 15 0 


into a beam QR called the brayer, whoſe end N 
1 remaui 
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remains fixt in a mortiſe : and its other end 2 
hangs by a ſtrong iron rod P which goes through 
the floor YZ, and has a ſcrew-nut on its top at 
0; by the turning of which nut, the end & of 
the brayer 1s raiſed or depreſſed at pleaſure ; and 
conſequently the bridge-tree 7'S and upper. mill- 
fone. By this means, the upper millſtone ma 
be ſet as cloſe to the under one, or raiſed as high 
from it, as the miller pleaſes. The nearer the 
millſtones are to one another, the finer they 
grind the corn, and the more remote from one 
another, the coarſer. 
The upper millſtone G is incloſed in a round 
box H, which does not touch it any where; and 
i; about an inch diſtant from its edge all around. 
On the top of this box ſtands a frame for hold- 
ing the hopper & &, to which is hung the ſhoe 7 
by two lines faſtened to the hind-part of it, fixed 


won hooks in the hopper, and by one end of 


the crook-ſtring K faſtened to the fore- part of it 
a i; the other end being twiſted round the pin L. 
As the pin is turned one way, the ſtring draws 
up the ſhoe cloſer to the hopper, and ſo leſſens 
the aperture between them; and as the pin is 
turned the other way, it lets down the ſhoe, and 
enlarges the aperture. 

If the ſhoe be drawn up quite to the hopper, 
no corn can fall from the hopper into the mill ; 
if it be let a little down, ſome will fall: and the 
quantity will be more or leſs, according as the 


ſhoe is more or leſs let down. For the hopper is 


open at bottom, and there is a hole in the bottom 


of the ſhoe, not directly under the bottom of the 
hopper, but forwarder toward the end i, over 


the middle of the eye of the millſtone. 
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There is a ſquare hole in the top of the ſpindle, Fig. 3» 


in which is put the feeder e: this feeder (as the 
F 4 ſpindle 


; 
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ſpindle turns round) jogs the ſhoe three times in 
each revolution, and ſo cauſes the corn to run 
conſtantly down from the hopper through the ſhoe, 
into the eye of the millſtone, where it falls upon 
the top of the rynd, and 1s, by the motion of the 
rynd, and the leather under it, thrown below the 
upper ſtone, and ground between it and the lower 
one. The violent motion of the ſtone creates a 
centrifugal force in the corn going round with it, 
by which means it gets farther and farther from 
the center, as in a ſpiral, in every revolution, 
until it be thrown quite out ; and, being then 
ground, it falls through a ſpout M, called the 
mill- cye, into the trough M. 

When the mill is fed too faſt, the corn bears 
up the ſtone, and is ground too coarſe; and be- 
ſides, it clogs the mill ſo as to make it go too 
ſlow. When the mill is too ſlowly fed, it goes 
too faſt, and the ſtones by their attrition are apt 
to ſtrike fire againſt one another. Both which 
inconveniences are avoided by turning the pin L 

ackward or forward, which draws up or lets 
down the ſhoe ; and ſo regulates the feeding a 
the miller ſees convenient. 

The heavier the running millſtone 1s, and the 
greater the quantity of water that falls upon the 
wheel, ſo much the faſter will the mill bear to be 
fed; and conſequently ſo much the more it will 
grind, And on the contrary, the lighter the 
ſtone, and the leſs the quantity of water, ſo much 
ſlower muſt the feeding be. But when the ſtone 
is conſiderably wore, and become light, the mill 
mutt be fed flowly at any rate; otherwiſe the 
ſtone will be too much born up by the corn un- 
der it, which will make the meal coarſe. 

The quantity of power required to turn 2 


heavy millſtone is but very little more than what 
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; ſufficient to turn a light one: for as it is ſup- 
ported upon the ſpindle by the bridge- tree & J. 
nd the end of the ſpindle that turns in the braſs 
foot therein being but ſmall, the odds ariſing 
from the weight is but very inconſide rable in its 
action againſt the power or force of the water. 
And beſides, a heavy ſtone has the ſame advan- 
age as a heavy fly: namely, that it regulates 
the motion much better than a light one. 

In order to cut and grind the corn, both the 
wper and under millitones have channels or 
furrows Cue into them, proceeding obliquely from 
the center toward the circumference. And theſe 
furrows are cut perpendicularly on one fide and 
obliquely on the other into the ſtone, which 
gives each furrow a ſharp edge, and in the. two 
ſtones they come, as it were, againſt one ano- 
ther like the edges of a pair of ſciſſars: and fo 
cut the corn, to make 1t grind the eaſier when it 
falls upon the places between the furrows. 


| Theſe are cut the ſame way in both ſtones when 


they lie upon their backs, which makes them run 
croſs ways to each other when the upper ſtone is 
nverted by turning its furrowed ſurface toward 
that of the lower. For, if the furrows of both 
tones lay the ſame way, a great deal of the corn 
yould be driven onward in the lower furrows, 
ad ſo come out from between the ſtones with- 
out being either cut or bruiſed. 

When the furrows become blunt and ſhallow 
by wearing, the running ſtone muſt be taken 
up, and both ftones new dreſt with a chiſel and 
mmer. And every time the ſtone is taken up, 
mere muſt be ſome tallow put round the ſpindle 
pon the buſh, which will ſoon be melted by 
lie heat the ſpindle acquires from its turning 
ad rubbing againſt the buſh, and ſo will get in 

between 
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between them : otherwiſe the buſh would tale 
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fire in a very little time. 

The buſh muſt embrace the fpindle quite 
cloſe, to prevent any hake in the motion, which 
would make ſome parts of the ſtones grate and 
fire againſt each other; while other parts of them 
would be too far aſunder, and by that mean 


il the meal in grinding. R : 

Whenever the ſpindle wears the buſh fo as to - 
begin to ſhake in it, the ſtone muſt be taken vp, n x 
and a chiſel drove into ſeveral parts of the buſh; 1 7 
and when it is taken out, wooden wedges muſt 1 
be driven into the holes; by which means de d 
buſh will be made to embrace the ſpindle clof X 
all around it again. In doing this, great care 4 
mult be taken to drive equal wedges into tht "is 
buſh on oppoſite ſides of the ſpindle ; otherwiſe — 
it will be thrown out of the perpendicular, and 7 
ſo hinder the upper ſtone from being ſet parallel "n 
to the under one, which is abſolutely neceſſaꝶ * 
for making good work. When any accident o ni 
this kind happens, the perpendicular poſition d on 
the ſpindle muſt be reſtored by adjuſting de | 
bridge-tree & IT by proper wedges put between S. 
it and the brayer QR. [ 

It often happens, that the rynd is a lit Wn 
wrenched in laying down the upper ſtone upon 
it; or is made to fink a little lower upon one Cl 
fide of the ſpindle than on the other; and th on 
will cauſe one edge of the upper ſtone to dry Bl the 
all around upon the other, While the oppoſit , 
edge will not touch. But this is eaſily ſet tu che 
rights, by raiſing the ſtone a little with a loft 


and putting bits of paper, cards, or thin chips, 
between the rynd and the ſtone. | 
The diameter of the upper ſtone is general! 


about ſix feet, the lower ſtone about an 
more: 
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more: and the upper ſtone, when new, contains 
about 224 cubic feet, which weighs ſomewhat 
more than 19000 pounds. A ſtone of this dia- 
meter ought never to go more than 60 times 
round in a minute; for if it turns faſter, it will 
heat the meal. 

The grinding ſurface of the under ſtone is a 
little convex from the edge to the center, and 
that of the upper ſtone a little more concave : ſo 
that they are fartheſt from one another in the 
middle, and come gradually nearer toward the 
edges. By this means, the corn at its firſt en- 
trance between the ſtones 1s only bruiſed ; but as 
it goes farther on toward the circumference or 
edge, it is cut ſmaller and ſmaller ; but at laſt 
fnely ground juſt before 1t comes out from be- 
tween them. ; 

The water-wheel muſt not be too large, for 
if it be, its motion will be too flow, nor too 
lile, for then it will want power. And for a 
mill to be in perfection, the floats of the wheel 
ought to move with a third part of the velocity 
of the water, and the ſtone to turn round once 
in a ſecond of time. | 

In order to conſtruct a mill in this perfect 
manner, obſerve the following rules : 

1. Meaſure the perpendicular height of the 
fall of water, in feet, above that part of the wheel 
on which the water begins to act; and call that, 
the height of the fall, 

2, Multiply this conſtant number 64.2882 by 
the height of the fall in feet, and the ſquare root 
of the product ſhall be the velocity of the water 
at the bottom of the fall, or the number of feet 
that the water there moves per ſecond. 

3. Divide the velocity of the water by 3, and 
the quotient ſhall be the velocity of the float- 
boards of the wheel ; or the number of feet they 


muſt 
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muſt each go through in a ſecond, when the 
water acts upon them ſo, as to have the greateſt 
power to turn the mill. 

4. Divide the circumference of the wheel in 
feet by the velocity of its floats in feet per ſe- 
cond, and the quotient ſhall be the number of 
ſeconds in which the wheel turns round. 

5. By this laſt number of ſeconds divide 60; 
and the quotient ſhall be the number of turns of 
the wheel in a minute. | 

6. Divide 60 (the number of revolutions the 
millſtone ought to have in a minute) by the num- 
ber of turns of the wheel in a minute, and the 
quotient ſhall be the number of turns the mill- 
{tone ought to have for one turn of the wheel, 

7. Then, as the number of turns of the wheel 
in a minute is to the number of turns of the 
millſtone in a minute, ſo muſt the number of 

taves in the trundle be to the number of cogs 
in the wheel, in the neareſt whole numbers that 
can be found. 

By theſe rules I have calculated the following 
table to a water-wheel 18 feet diameter, which 
] apprehend may be a good ſize in general. 

To conſtruct a mill by this table, find the 
height of the fall of water in the firſt column, and 
againſt that height, in the ſixth column, you have 
the number of cogs in the wheel, and ſtaves in 
the trundle, for cauſing the millſtone to make 
about 60 revolutions in a minute, as near as 
poſſible, when the wheel goes with a third part 
of the velocity of the water. And it appears by 
the 7th column, that the number of cogs in the 
wheel, and ſtaves in the trundle, are ſo near the 
truth for the required purpoſe, that the leaſt 
number of revolutions of the millſtone in * 
minute is between 59 and 69, and the greateſt 
number never amounts to 61, The 
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mult each go through in a ſecond, when the 
water acts upon them fo, as to have the greateſ 
power to turn the mill. 

4. Divide the circumference of the wheel i 
feet by the velocity of its floats in feet per ſe. 
cond, and the quotient ſhall be the number o 
ſeconds in which the wheel turns round. 

5. By this laſt number of ſeconds divide 69; 
and the quotient ſhall be the number of turns 6f 
the wheel in a minute, 

6. Divide 60 (the number of revolutions the 
millſtone ought to have in a minute) by the num- 
ber of turns of the wheel in a minute, and the 
quotient ſhall be the number of turns the mill. 
{tone ought to have for one turn of the wheel, 

7. Then, as the number of turns of the whee| 
in a minute is to the number of turns of the 
millſtone in a minute, ſo muſt the number of 
ſtaves in the trundle be to the number of cogs 
in the wheel, in the neareſt whole numbers that 
can be found. 

By theſe rules I have calculated the following 
table to a water-wheel 18 feet diameter, which 
I apprehend may be a good ſize in general, 

To conſtruct a mill by this table, find the 
height of the fall of water in the firſt column, and 
againſt that height, in the ſixth column, you have 
the number of cogs in the wheel, and ſtaves in 
the trundle, for cauſing the millſtone to make 
about 60 revolutions in a minute, as near as 
poſſible, when the wheel goes with a third part 
of the velocity of the water. And it appears by 
the 7th column, that the number of cogs in the 
wheel, and ſtaves in the trundle, are ſo near the 
truth for the required purpoſe, that the leaſt 
number of revolutions. of the millſtone in 4 
minute is between 59 and 60, and the greateſt 


number never amounts to 61. - 
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Such a mill as this, with a fall of water about 
7+ feet, will require about 32 hogſheads every 
minute to turn the wheel with a third part of the 
velocity with-which the water falls.;. and to over- 
come the reſiftance ariſing from the friction q 
the geers and attrition of the ſtones in grinding 
the corn. | i 

The greater fall the water has, the leſs quan. 
tity of it will ſerve to turn the mill. The water 
is kept up in the mill-dam, and let out by : 
Nuice called the penſtock, when the mill is to go. 
When the penſtock 1s drawn up by means of a 
lever, it opens a paſſage through which the water 
flows to the wheel: and when the mill is to be 
ſtopt, the penſtock is let down, which ſtops the 
water from falling upon the wheel. , 

A leſs quantity of water will turn an overſhot- 
mill (where the wheel has buckets inſtead of 
float-boards) than a breaſt-mill, where the fall o 
the water ſeldom exceeds half the height A d 
the wheel. So that, where there 1s but a {mall 
quantity of water, and a fall great enough for the 
wheel to lie under it, the bucket (or overſhc!) 
wheel is always uſed. But where there is a lar 
body of water, with a little fall, the breaſt or float 
board wheel muſt take place. Where the watt 
runs only upon a little declivity, it can act by 
ſlowly upon the under part of the wheel at 7 
which cafe, the motion of the Wheel will be ver 
flow : and therefore, the floats ought to be ver 
long, though not high, that a large body of watt 
may act upon them; ſo that what is wanting "| 
velocity may be made up in power; and then t 
cog-wheel may have a greater number of cog 
proportion to the rounds in the trundle, in or 

to give the millſtone a ſufficient degree of veioc!! 

They who have read what is ſaid in the f 


lecture, concerning the acceleration of 2 
alla 


Of Water- Mills: 


bou Wl filling freely by the power of gravity. acting 


very WE conſtantly and uniformly upon them, may per- 
f the haps aſk, Why ſhould the motion of the wheel be 
ver- equable, and not accelerated, ſeeing the Water 
»2n of As conſtantly and uniformly upon it? The plain 


nding anſwer is, That the velocity of the wheel can 
terer be ſo great as the velocity of the water 
tat turns it; for, if it ſhould become ſo great, 
the power of the water would be quite loſt upon 
the wheel, and then there would be no proper 


force to overcome the friction of the geers and. 


quan- 
water 

by 2 
to go. 


3 Of 1 trtion of the ſtones, Therefore, the velocity 
water with which the wheel begins to move, will in- 
; to be caſe no longer than till its momentum or force 


PS the 


balanced by the reſiſtance of the working 
ws of the mill: and then the wheel will go 


8 


erſhot. azith an equable motion. | 
ead of the cog-wheel D be made about 18 inches A Band- 
> fall 0! deter, with 30 cogs, the trundle as ſmall in #4 
Ae proxrtion, with 10 ſtaves, and the millitones be 


4 {mall each about two feet in diameter, and the whole 
for I work be put into a ſtrong frame of wood, as re- 
cri preſented in the figure, the engine will be a hand- 
; a largo ll for grinding corn or malt in private fami- 


or float 
1e WALL 


les. And then, it may be turned by a winch 
instead of the wheel AA: the millſtone making 


act bug three revolutions for every one of the winch, 
at 6 ; A heavy fly be put upon the axle B, near the 
be ve" Vuch, it will help to regulate the motion. ] | 
be ver If the cogs of the wheel and rounds of the 


of watt | 
inting Ul 
then t 
f cogs 

in orde 


tundle could be put in as exactly as the teeth 
ue cut in the wheels and pinions of a clock, 
then the trundle might divide the wheel exactly: 
Wat is to ſay, the trundle might make a given 
wnber of revolutions for one of the wheel, 


'veloct"W iithout a fraction. But as any cxact number is 
the fu u neceſſary in mill-work, and the cogs and 
of oy dunds cannot be ſet in ſo truly as to make all 

al the 
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the intervals between them equal; a kilfi] 
mill-wright will always give the wheel what he 
calls a hunting cog ; that is, one more than what 
will anſwer to an exact diviſion of the wheel by 
the trundle. And then, as every cog comes to 
the trundle, it will take the next ſtaff or round 
behind the one which it took in the former re- 
volution: and by that means will wear all the 
parts of the cogs and rounds which work upon 
one another equally, and to equal diftances from 
one another in a little time; and ſo make a true 
uniform motion throughout the whole work, 
Thus, in the above water-mill, the trundle has 
10 ſtaves, and the wheel 61 cogs. 

Sometimes, where there 1s a ſufficient quan- 
tity of water, the cog-wheel AA turns a large 
trundle BB, on whoſe axis C 1s fixed the hori- 
zontal wheel D, with cogs all around its edge, 
turning two trundles E and F at the fame time; 
whoſe axes or ſpindles G and V turn two mil. 
ſtones I and &, upon the fixed ſtones L and A. 
And when there is not work for them bot!, 
either may be made to he quiet, by taking on 
one of the ſtaves of its trundle, and turning tte 
vacant place toward the cog-wheel D. And 
there may be a wheel fixt on the upper end cf 
the great upright axle C for turning a couple of 
boulting-mills; and other work for drawing 
up the ſacks, fanning and cleaning the cot, 
iharpening of tools, &c. 

If, inſtead of the cog- wheel AA and trundie 
BB, horizontal levers be fixed into the axle < 
below the wheel D; then, horſes may be put © 
theſe levers for turning the mill: which is often 
done where water cannot be had for that pur- 
poſe. 

The working parts of a wind-mill differ ve 
little from thoſe of a water-mill ; only the 1 
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i; turned by the action of the wind upon four 
fails, every one of which ought (as 1s generally 
believed) to make an angle of 545 degrees with 
plane perpendicular to the axis on which the 
arms are fixt for carrying of them. It being de- 
monſtrable, that when the fails are ſet to ſuch an 
angle, and the axis turned endwiſe toward the 
wind, the wind has the greateſt power upon the 
ſails. But this angle anſwers only to the caſe of 
2 vane or fail juſt beginning to move“: for, 
"hen the vane has a certain degree of motion, it 
riclds to the wind: and then that angle muſt be 
increaſed to give the wind its full effect. 

Again, the increaſe of this angle ſhould be 
different, according to the different velocities 
om the axis to the extremity of the vane. Ar 
. 2 axis it ſhould be 54 degrees, and thence 
continually decreaſe, giving the vane a twilt, and 
| cauſing all the ribs of the vane to lie in dit- 
rent planes. a 

Laſtly, Theſe ribs ought to decreaſe in length 
from the axis to the extremity, giving the vane a 
curvilineal form; ſo that no part of the force of 
any one rib be ſpent upon the reſt, but all move 
on independent of each other. All this is re- 
quired to give the ſails of a wind-mill their true 
orm: and we fee both the twiſt and the diminu- 
tion of the ribs exemplified in the wings of birds. 

It is almoſt incredible to think with what 
velocity the tips of the ſails move when acted 
un by a moderate gale of wind. J have ſe- 
gal times counted the number of revolutions 
mae by the ſails in ten or fifteen minutes; and 
Irom the length of the arms from tip to tip, 
Pave computed, that if a hoop of that diameter 
4* to run upon the ground with the ſame velo- 


* Sce MacLavgin's Fluxions, near the end. 
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city that it would move if put upon the ſail-army 
it would go upward of 30 miles in an hour, 

As the ends of the fails neareſt the axis can- 
not move with the ſame velocity that the tips or 
fartheſt ends do, although the wind acts equally 
ſtrong upon them ; perhaps a better poſition 
than that of ſtretching them along the arms di- 


rectly from the center of motion, might be to have 


them ſet perpendicularly acroſs the farther ends 
of the arms, and there adjuſted lengthwiſe to the 
proper angle. For, in that caſe, both ends of 
the fails would move with the ſame velocity; 
and being farther from the center of motion, they 
would have ſo much the more power : and then, 
there would be no occaſion for having them ſo 
large as they are generally made ; which would 
render them lighter, and conſequently, there 
would be ſo much the leſs friction on the thick 
neck of the axle where it turns in the wall. 

A crane is an engine by which great weights 
are raiſed to certain heights, or let down to cei- 
tain depths. It conſiſts of wheels, axles, pul- 
leys, ropes, and a gib or gibbet. When the 
rope H is hooked to the weight K, a man turns 
the winch A, on the axis whereof is the trundlc 


B, which turns the wheel C, on whoſe axis DI 


the trundle E, which turns the wheel F with its 


upright axis G, on which the great rope HH 


winds as the wheel turns; andygoing over © 
pulley I at the end of the arm 4 of the gib cc 
it draws up the heavy weight K; which, being 
raiſed to a proper height, as from a ſhip to the 
quay, is then brought over the quay by pulling 
the wheel Z round by the handles 2, 2, which 
turns the gib by means of the half wheel # fx 
on the gib-poſt c c, and the ftrong pinion a fi 
on the axis of the wheel Z. This wheel ges 


the man that turns it an abſolute command * 
| b 


roller 
rollers 
for thi 
ward 

deſcer 
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the gib, ſo as to prevent it from taking any un- 


lucky ſwing, ſuch as often happens when it is 
only guided by a rope tied to its arm d; and 
people are frequently hurt, ſometimes killed, by 
ſuch accidents. | 

The great rope goes between two upright 
rollers i and &, which turn upon gudgeons in 
the fixed beams F and g; and as the gib is turn- 
ed toward either ſide, the rope bends upon the 
oller next that ſide. Were it not for theſe 
wllers, the gib would be quite unmanageable ; 
br the moment it were turned ever ſo little to- 
ward any ſide, the weight K would begin to 
deſcend, becauſe the rope would be ſhortened 
between the pulley 7 and axis G; and ſo the gib 
would be pulled violently to that fide, and either 
be broke to pieces, or break every thing that 
came in its way, Theſe rollers muſt be placed 
o, that the ſides of them, round which the rope 
bends, may keep the middle of the bended part 
directly even with the center of the hole in which 
tie upper. gudgeon of the gib turns in the beam 
The truer theſe rollers are placed, the eaſier 
the gib is managed, and the leſs apt to ſwing 
ather way by the force of the weight K. 

A ratchet wheel © is fixt upon the axis D, 
near the trundle E; and into this wheel the catch 
or click R falls. This hinders the *machinery 
from running back by the weight of the burthen 
K, if the man who raiſes it ſhould happen to be 
Careleſs, and ſo leave off working at the winch 
4 ſooner than he ought to do. 

When the weight K is raiſed to its proper 
height from the ſhip, and brought over the 
quay by turning the gib about, it is let down 
gently upon the quay, or into a cart ſtanding 
thereon, in the following manner : A man takes 
told of the rope # # (which goes over the pulley 

G 2 v and 
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v and is tied to a hook at & in the catch &) and 
ſo diſengages the catch from the ratchet-whee! 
©; and then, the man at the winch A turns ir 
backward, and lets down the weight K. But if 
the weight pulls too hard againſt this man, ano- 
ther lays hold of the ſtick Y, and by pulling it 
downward, draws the gripe U cloſe tothe wheel 
Z, which, by rubbing hard againſt the gripe, 
hinders the too quick deſcent of the weight; 
and not only fo, but even ſtops it at any time, 
if required, By this means, heavy goods may 
be cither raiſed or let down at pleaſure, without 
any danger of hurting the men who work the 
engine. 

When part of the goods are craned up, and 
the rope is to be let down for more, the catch R 
is firſt diſengaged from the ratchet-wheel 2, by 
pulling the cord :; then the handle q is turned 
half round backward, which, by the crank un 
in the piece o, pulls down the frame + between 
the guides n and m (in which it ſlides in a 
groove) and ſo diſengages the trundle B from 
che wheel C: and then, the heavy hook 'Þ at 
the end of the rope I deſcends by its own 
weight, and turns back the great wheel F with 


its trundle E, and the wheel C; and this laſt I 


wheel acts like a fly againſt the wheel F and 
hook g; and fo hinders it from going down too 
quick; while the weight X keeps up the grip 
from rubbing againſt the wheel 7, by means 
of a cord going from the weight, over the pulley 
20 to the hook in the gripe ; ſo that the grip* 
never touches the wheel, unleſs it be pulled cown 
by the handle J. 
When the crane is to be ſet at work agall, 
for drawing up another burthen, the handle 9 Þ 
turned half round forward; which, by the 


crank yu, raiſes up the frame h, and cauſes the 
| trundle 


when 


ſelf: 
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trundle B to lay hold of the wheel C; and then, 
nd by turning the winch A, the burthen of goods K 


cel s drawn up as before. 

S It The crank  # turns pretty ſtiff in the mortiſe 
t it near o, and ſtops againſt the farther end of it 
no- rhen it has got juſt a little beyond the perpen- 
g U. ticular ; ſo that it can never come back of it- 
ice] ell: and therefore, the trundle B can never come 


pe, ay from the wheel C, until the handle 3 be 


nt; turned half round backward. 

me, The great rope runs upon rollers in the lever 
nay LM, which keeps it from bending between the 
Ou: ale at G and the pulley J. This lever turns upon 
the axis N by means of the weight O, which is 
juſt ſufficient to keep its end L up to the rope; ſo 


and that, as the great axle turns, and the rope coils 
aR wund it, the lever riſes with the rope, and pre- 
by rents the coilings from going over one another. 
ned The power of this crane may be eſtimated thus: 
FF ſuppoſe the trundle B to have 1 3 ſtaves or rounds, 
"ect ud the wheel C to have 78 ſpur cogs: the trundle 


E to have 14 ſtaves, and the wheel F 56 cogs. 


ron Wl Then, by multiplying the ſtaves of the trundles, 
0 at 13and 14, into one another, their product will be 
1er 102; and by multiplying the cogs of the wheels, 
= 18 and 56, into one another, their product will be 


4368, and dividing 4368 by 182, the quorient 
wil be 24 ; which ſhews that the winch 4 makes 


e 24 turns for one turn of the wheel /” and its 
ripe axle G on which the great rope or chain HII 
can Bl winds. So that, if the length or radius of the 
ulle BY vinch A were only equal to half the diameter 
Fer of the great axle G, added to half the thickneſs 


8515 double the above length, it doublcs the laid 
2% power, and ſo makes it as 48 to 1: in which 


(ale, a man may raile 48 times as much weight 


undle 63 by 


of the rope H, the power of the cranc would be 
8 24 to 1: but the radius of the winch being 


88 
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by this engine as he could do by his natural 
ſtrength without it, making proper allowance 
for the friction of the working parts.—Two 
men may work at once, by having another 
winch on the oppoſite end of the axis of the 
trundle under B; and this will make the power 
double. . 1 

If this power be thought greater than what 
may be generally wanted, the wheels may be 
made with fewer cogs in proportion to the ſtaves 
in the trundles; and ſo the power may be of 
whatever degree is judged to be requiſite. But 
if the weight be ſo great as will require yet more 
power to raiſe it, ſuppoſe a double quantity, then 
the rope ¶ may be put under a moveable pul. 
ley, as 9, and the end of it tied to a hook in the 
gib at :; which will give a double power to the 
machine, and ſo raiſe a double weight hooked 
to the block of the moveable pulley. 

When only ſmall burthens are to be raiſed, 
this may be quickly done by men puſhing the 
axle G round by the long ſpoxes y, y, y, y; hav- 
ing firſt diſengaged the trundle B from the wheel 
C: and then, this wheel will only act as a f. 
upon the wheel F; and the catch R will prevent 
its running back, if the men ſhould inadvertently 
leave off puſhing before the burthen be unhooked 
from 8. 

Laſtly, When very heavy burthens are to be 
raiſed, which might endanger the breaking of 
the cogs in the wheel F; their force againſt thelt 
cogs may be much abated by men puſhing round 
the long ſpokes y, y, Y, y, while the man at 4 
turns the winch. | 

I have only ſhewn the working parts of ti 
crane, without the whole of the beams which 
ſupport them; knowing that theſe are eaſih 


ſuppoſed, 
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ſuppoſed, and that if they had been drawn, they 
would have hid a great deal of the working parts 
from ſight, and alſo confuſed the figure. 

Another very good crane is made in the fol- Another 
lowing manner. A A is a great wheel turned 11 
by men walking within it at H. On the part! 
C, of its axle BC, the great rope D is wound as 
the wheel turns; and this rope draws up goods 
in the ſame way as the rope HH does in the 
above- mentioned crane, the gib-work here be- 
ing ſuppoſed to be of the ſame ſort. But theſe 
cranes are very dangerous to the men in the 
wheel; for, if any of the men ſhould chance to 
fall, the burthen will make the wheel run back 
and throw them all about within it: which 
often breaks their limbs, and ſometimes kills 
them. The late ingenious Mr. Padmore of Briſ- 
tol (whoſe contrivance the forementioned crane 
is, ſo far as I can remember its conſtruction, 
after ſeeing it once about twelve years ago“) 
obſerving this dangerous conſtruction, con- 
trved a method for remedying it, by putting 
cogs all around the outſide of the wheel, and 
applying a trundle E to turn it; which increaſes 

power as much as the number of 25 in the 
wheel is greater than the number of ſtaves in 
the trundle: and by putting a ratchet-wheel F 
on the axis of the trundle (as in the above- 
mentioned crane) with a catch to fall into it, 
the great wheel is ſtopt from running back by 
the force of the weight, even if all the men in 


Since the firſt edition of this book was printed, I have 
ſeen the ſame crane again; and do find, that though the 
working parts are much the ſame as above deſcribed, yet the 
method of raiſing or lowering the trundle B, and the catch 
R, are better contrived than I had deſcribed them. 
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it ſhould leave off walking. And by one man 
working at the winch J, or two men at the op- 
polite winches when needful, the men in the 
wheel are much aſſiſted, and much greater 
weights are raiſed, than could be by men only 
within the wheel. Mr. Padmore put alfo a 
gripe-wheel G upon the axis of the trundle, 
which being pinched in the ſame manner as de- 
ſcribed in the former crane, heavy burthens 
may be let down without the leaſt danger. 
And before this contrivance, the lowering of 
goods was always attended with the utmoſt 
danger to the men in the wheel; as every one 
muſt be ſenſible of, who has ſcen ſuch engines 
at work. | 

And it is ſurpriſing that the maſters of wharfs 
and cranes ſhould be fo regardleſs of the limbs, 
or even lives of their es: that excepting 
the late Sir James Creed of Greenwich, and 
ſome gentlemen at Briſtol, there is ſcarce an in- 
ſtance of any who has uſed this ſafe contriy- 
ance. 

The ſtructure of heel carriages is generally fo 
well known, that it would be needleſs to deſcribe 
them. And therefore, we ſhall only point out 
ſome inconveniencies attending the common 
method of placing the wheels, and loading tne 
waggons. 

In coaches, and all other fout-wheeled car- 
riages, the fore-wheels are made of a leſs ſize 
than the hind ones, both on account of turn- 
ing ſhort, and to avoid cutting the braces: 
otherwiſe, the carriage would go much eafier if 


the fore-wheels were as high as the hind-ones, 


and the higher the better, becauſe they would 
ſink to leſs depths in little hollowings in the 
roads, and be the more caſily drawn 1 of 

them. 


them. 
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hem. But carriers and coachmen give another 
reaſon; for making the fore-wheels much lower 
than the hind-wheels ; merely, that when they 
ie ſo, the hind-wheels help to puſh on the fore 
ones: which is too unphiloſophical and abſurd 
o deſerve a refutation, and yet for their ſatisfac- 
ton we ſhall ſhew by experiment that it has no 
exiſtence but in their own imaginations. 


It is plain that the ſmall wheels muſt turn as 


much oftener round than the great ones, as 
their circumferences are lefs. And therefore, 
when the carriage is loaded equally heavy on 
both axles, the fore-axle muſt ſuſtain as much 
more friction, and conſequently wear out as 
much ſooner, than the hind-axle, as the fore- 
wheels are leſs than the hind-ones. But the 
great misfortune is, that all the carriers to a 
man do obſtinately perſiſt, againit the cleareſt 
reaſon and demonſtration, in putting the heavier 
part of the load upon the fore-axle of the wag- 
gon; which not only makes the friction greateſt 
where it ought to be leaſt, but alſo preſſes the 
ore-wheels deeper into the ground than the 
nnd-wheels, notwithſtanding the fore-wheels, 
being leſs than the hind ones, are with ſo much 


the greater difficulty drawn out of a hole or over 


an obſtacle, even ſuppoling the weights on 
their axles were equal. For the difficulty, with 


equal weights, will be as the depth of the hole Fig. 3. 


or height of the obſtacle is to the ſemidiameter 
of the wheel. Thus, if we ſuppoſe the ſmall 
wheel D of the waggon AB to fall into a hole 
of the depth EF, which is equal to the ſemi- 
dameter of the wheel, and the waggon to be 
drawn horizontally along; it is evident, that 
the point E of the ſmall wheel will be drawn 
urectly againſt the top of the hole; and there- 
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fore, all the power of horſes and men will not 
be able to draw it out, unleſs the ground gives 
way before it. Whereas, if the hand-wheel 6 
falls into ſuch a hole, it ſinks not near fo deep 
in proportion to its ſemidiameter ; and there. 


fore, the point G of the large wheel will not be 


drawn directly, but obliquely, againſt the top 
of the hole; and ſo will be eaſily got out of it, 
Add to this, that as a ſmall wheel will often 
ſink to the bottom of a hole, in which a great 
wheel will go but a very little way, the ſmall 
wheels ought in all reaſon to be loaded with lef 
weight than the great ones; and then the heayier 
part of the load would be leſs jolted upward and 
downward, and the horſes tired ſo much the 
leſs, as their draught raiſed the load to lel 
heights, 

It is true, that when the waggon- road i; 
much up hill, there may be danger 1n loading 
the hind part much heavier than the fore-part; 
for then the weight would overhang the hind- 
axle, eſpecially if the load be high, and endan- 
ger tilting up the fore-wheels from the ground. 
In this caſe, the ſafeſt way would be to load it 
equally heavy on both axles; and then, as much 
more of the weight would be thrown upon the 
hind-axle than upon the fore one, as the ground 
riſes from a level below the carriage. But as thus 
ſeldom happens, and when it does, a ſmall tem- 
porary weight laid upon the pole between the 
horſes would overbalance the danger ; and this 
weight might be thrown into the waggon when 
it comes to level ground; it is ſtrange that an 
advantage ſo plain and obvious as would arik 
from loading the hind-wheels heavieſt, ſhould 
not be laid hold of, by complying with thi 
method, Ty 


cully on rough ground. 
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To confirm theſe reaſonings by experiment, 
let a ſmall model of a waggon be made, with 
its fore-wheels 2+ inches in diameter, and its 
hind-wheels 41; the whole model weighing 
about 20 ounces, Let this little carriage be 
loaded any how with weights, and have a ſmall 
cord tied to each of its ends, equally high from 
the ground it reſts upon; and let it be drawn 
along a horizontal board, firſt by a weight in a 
ſcale hung to the cord at the fore-part ; the cord 
going over a pulley at the end of the board 
to facilitate the draught, and the weight juſt 
ſuficient to draw it along. Then, turn the 
carriage, and hang the ſcale and weight to the 
hind cord, and it will be found to move alon 
with the ſame velocity as at firſt : which ſhews, 
that the power required to draw the carriage is 
all the ſame, whether the great or ſmall wheels 
are foremoſt ; and therefore the great wheels do 
not help in the leaſt to puſh on the ſmall wheels 
in the road. 

Hang the ſcale to the fore-cord, and place 
the fore-wheels (which are the ſmall ones) in 
two holes, cut three eight parts of an inch deep 
into the board ; then put a weight of 32 ounces 
into the carriage, over the fore-axle, and an 
equal weight over the hind one : this done,” put 
44 ounces into the ſcale, which will be juſt ſuf- 
ficient to draw out the fore-wheels : but if this 
weight be taken out of the ſcale, and one of 16 
ounces put into its place, if the hind-wheels are 
placed in the holes, the 16 ounce weight will 


draw them out ; which is little more than a third 


part of what was neceſſary to draw out the fore- 
wheels, This ſhews, that the larger the wheels 
are, the leſs power will draw the carriage, eſpe- 


Put 
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Put 64 ounces over the axle of the hind. 
wheels, and 32 over the axle of the fore ones, 
in the carriage ; and place the fore-wheels in 

| the holes: then, put 38 ounces into the ſcale, 
which will juſt draw out the fore-wheels ; ang 
when the hind ones come to the nole, they wil 
find but very little reſiſtance, becauſe they fink 
but a little way into it. 

But ſhift the weights in the carriage, by put- 
ting the 32 ounces upon the hind-axle, and the 
64 ounces upon the fore one; and place the 
fore-wheels in the holes : then, if 76 ounces he 
put into the ſcale, it will be found no more than 
ſufficient to draw out theſe wheels; which z; 
double the power required to draw them out, 
when the lighter part of the load was put upon 
them: which is a plain demonſtration of the ab. 
ſurdity of putting the heavieſt part of the load 
in the fore- part of the waggon. 

Every one knows what an outcry was made 
by the generality, if not the whole body, of the 
carriers, againſt the broad wheel act; and how 
hard it was to perſuade them to comply with it, 
even though the government allowed them to 
draw with more horſes, and carry greater loads, 
than uſual. Their principal objection was, that 
as a broad wheel muſt touch the ground in a great 
many more points than a narrow wheel, the fric- 
tion muſt of courſe be juſt ſo much the greater; 
and conſequently, there muſt be ſo many more 
horſes than uſual, to draw the waggon. I believe 
that the majority of people were of the fame 
opinion, not conſidering, that if the whole weigit 
of the waggon and load in it bears upon 1 
great many points, each ſuſtains a propor- 
tionably leſs degree of weight and friction, than 


when 1t bears only upon a few points; ſo on 
what 
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what is wanting in one, is made up in the other; 


ind therefore will be juſt equal under equal de- 
zrees of weight, as may be ſhewn by the follow- 
ag plain and eaſy experiment. | 

Let one end of a piece of packthread be 
altened to a brick, and the other end to a com- 
mon ſcale for holding weights: then, having 
aid the brick edgewiſe on a table, and let the 
{le hang under the edge of the table, put as 
much weight into the ſcale as will juſt draw the 
brick along the table. Then taking back the 
brick to its former place, lay it flat on the table, 
and leave it to be acted upon by the ſame weight 
in the ſcale as before, which will draw it along 
with the ſame eaſe as when it lay upon us edge. 
In the former caſe, the brick may be conſidered 
a narrow wheel on the ground; and in the 
latter as a broad wheel. And ſince the brick is 
drawn along with equal cale, whether its broad 
ide or narrow edge touches the table, it ſhews 
that a broad wheel might be drawn along the 
ground with the ſame eaſe as a narrow one (ſup- 
poling them equally heavy) even though they 
ſaould drag, and not roll, as they go along. 

As narrow wheels are always ſinking into the 
ground, eſpecially when the heavieſt part of the 
load lies upon them, they muſt be conſidered as 
going conſtantly up hill, even on level ground. 
And their ſides muſt ſuſtain a great deal of friction 
by rubbing againſt the ruts made by them. But 
both theſe inconveniencies are avoided by broad 
heels: which, inſtead of cutting and plough- 
ng up the roads, roll them ſmoorh, -and harden 
em; as experience teſtifies in places where 
ney have been uſed, eſpecially either on wettiſh 
or andy ground: though after all it muſt be con- 


led, that they will not do in ſtiff clayey croſs 


roads 
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roads ; becauſe they would ſoon gather up x 


much clay as would be almoſt equal to the weigh 
of an ordinary load. | 

If the wheels were always to go upon ſmooth 
and level ground, the beſt way would be to make 
the ſpokes perpendicular to the naves ; that i; 
to ſtand at right angles to the axles; becaif 
they would then bear the weight of the loal 
perpendicularly, which is the ſtrongeſt way fir 
wood. But becauſe the ground 1s generally un- 
even, one wheel often falls into a cavity or ru 
when the other does not; and then it bears much 
more of the weight than the other does: in 
which caſe, concave or- diſhing wheels are beſt. 
becauſe when one falls into a rut, and the other 
keeps upon high ground, the ſpokes become per 
pendicular in the rut, and therefore have the 
greateſt ſtrength when the obliquity of the loa 
throws moſt of its weight upon them; while 
thoſe on the high ground have leſs weight to bea 
and therefore need not be at their full ſtrength, 
So that the uſual way of making the wheels con. 
cave is by much the beſt. 

The axles of the wheels ought to be perfect. 
ſtraight, that the rim of the wheels may be 
parallel to each other; for then they will mox 
eaſieſt, becauſe they will be at liberty to go 0 
ſtraight forward. But in the uſual way of prac: 
rice, the axles are bent downward at their ends; 
which brings the ſides of the wheels next tht 
ground nearer to one another than their oppolitt 
or higher ſides are: and this not only makes tit 
wheels to drag ſideways as they go along, a 
gives the load as much greater power of cruſhing 


out alſo endangers the over-turning of the ca 


riage _ any wheel falls into a hole or rut * 
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hen the earriage goes in a road which has one 
„lower than the other, as along the ſide of a 
ij, Thus (in the hind view of a waggon or 
art) Jet AE and BF be the great wheels paral- 
| to each other, on their {ſtraight axle X, and big. 4. 
HCI the carriage loaded with heavy goods from 
to CG. Then, as the carriage goes on in the 
pblique road 4 a B, the center of gravity of the 
rhole machine and load will be at C“; and the“ See 
ne of direction Cd D falling within the wheel PAS 13. 
BF, the carriage will not overſet. But if the 
wheels be inclined to each other on the ground, Fig. 5. 
% AE and BF are, and the machine be loaded 
25 before, from C to G, the line of direction 
C4D falls without the wheel BT, and the whole 
machine tumbles over. When it is loaded with 
heavy goods (ſuch as lead or iron) which he low, Fig. 4. 
it may travel ſafely upon an oblique road ſo lon 
25 the center of gravity is at C, and the line of di- 
reftion Cd falls within the wheels; but if it be 
loaded high with hghter goods (ſuch as wool- 
packs) from C to L, the center of gravity 1s raiſed Fig. 6. 
tom C to K, which throws the line of direction 
e without the loweſt edge of the wheel BF, 
and then the load overſets the waggon. 

If there be ſome advantage from ſmall fore- 
wheels, on account of the carriage turning more 
eaſily and ſhort than it can be made to do when 
they are large; there is at leaſt as great a diſad- 
vantage attending them, which is, that as their 
xle is below the level of the horſes breaſt, the 
horſes not only have the loaded carriage to 
raw along, but alſo part of its weight to bear; 
which tires them ſooner, and makes them 
gow much ſtiffer in their hams, than they 
ould be if they drew on a level with the fore- 
alc, And for this reaſon, we find coach _ 

oon 
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ſoon become unfit for riding. So that on all ac. 
counts it is plain, that the fore-wheels of all cg. 
riages ought to be ſo high, as to have their ax; 
even with the breaſt of the horſcs; which woul 
not only give the horſes a fair draught, but like. 
wiſe keep them longer fit for drawing the ca. 
riage. | 

We ſhall conclude this lecture with a deſcrip. 
tion of Mr. Yauloue's curious engine, which wx 
made uſe of for driving the piles of Weſtminſter. 
bridge: and the reader may caſt his eyes upon 
the firſt and ſecond figures of the plate, in which 
the ſame Jetters of reference are annexed to the 
ſame parts, in order to explain thoſe in the f. 
cond, which are either partly or wholly hid in the 
firſt. 

A is the great upright ſhaft or axle, on which 
are the great wheel B and drum C, turned by 
horſes joined to the bars &, S. The wheel B turns 
the trundle X, on the top of whole axis is the 
fly O, which ſerves to regulate the motion, and 
alſo to act againſt the horſes, and keep then 
from falling when the heavy ram © is diſcharged 
to drive the pile P down into the mud in tht 
bottom of the river. The drum C is looſe upon 
the ſhaft A, but is locked to the wheel B by the 
bolt 7. On this drum the great rope HH 1s 
wound; one end of the rope being fixed to tit 
drum, and the other to the follower G, to which 
it is conveyed over the pulleys J and X. In the 
follower G is contained the tongs Y (fee Fig. 


3.) that takes hold of the ram 2 by the ſtaple K 


for drawing it up. D is a ſpiral or fuly xt te 
the drum, on which is wound the ſmall rope [ 
that goes over the pulley U, under the pulley J, 
and is faſtened to the top of the frame at 7. To 
the pulley b'ock 7 is hung the counterpoile , 


which 


which 
i goes 
the fol 
ſcent, 

fuly,. 
means 
ſtrong! 
down 
city. 


wheel, 


2, Wh 
turns 1 
wheel 


the to 
Which 
at the 
down 

and dr 
as it 
off cl 
pole, 

the pi 
ropes 
Cauſe 

forcin 
Pullin 
from | 
being 


o the 


Of the Pile-Engine. 


which hinders the follower from accelerating as 


Il ac. 
7 x goes down to take hold of the ram: for, as 


cart. 


Ene follower tends to acquire velocity in its de- 
„ou cent, the line 7“ winds downward upon the 
like. ay, on a larger and larger radius, by which 
ca. neans the counterpoiſe V acts ſtronger and 

fronger againſt it; and fo allows it to come 

ſcrip. Coen with only a moderate and uniform velo- 
\ ay. The bolt 7 locks the drum to the great 
\ſter. WT wheel, being puſhed upward by the ſmall lever 
vpn > which goes through a mortiſe in the ſhaft A, 
vhick ans upon a pin in the bar 3 fixt to the great 
) the cel B, and has a weight 4, which always tends 
e o puſh up the bolt 7 through the wheel into the 


in the 


which 
d by 


dum, L is the great lever turning on the axis 
n, and reſting upon the forcing bar 5, 5, which 
goes down through a hollow in the ſhaft A, and 
bears up the little lever 2. 


tum y the horſes going round, the great rope H 
s the s wound about the drum C, and the ram Q 1s 
„un up by the tongs F in the follower G, until 
then ue tongs comes between the inclined planes E; 
arged WW hich, by ſhutting the tongs at the top, opens it 
1 the r the foot, and diſcharges the ram, which falls 
upon Neun between the guides & þ upon the pile P, 
y the ad drives it by a few ſtrokes as far into the mud 
[His sit can go; after which, the top part is ſawed 
o the Nerf cloſe to the mud, by an engine for that pur- 
which pole, Immediately after the ram 1s diſcharged 
In the Nie piece 6 upon the follower G takes hold of the 
Fig. pes a, a, which raile the end of the lever L, and 
ple k Nag its end N to deſcend and preſs down the 
ixt to ſucing bar 5 upon the little lever 2, which by 
pe 1 baling down the bolt Z, unlocks the drum C 
ey /, rom the great wheel B; and then, the follower, 
Io eng at liberty, comes down by its own weight 
ſe M, che ram; and the lower ends of the tongs flip 
which H over 
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over the ſtaple R, and the weight of their hex, 
cauſes them to fall outward, and ſhuts upon i: 
Then the weight 4 puſhes up the bolt Y into the 
drum, which locks it to the great wheel, and 6 
the ram is drawn up as before. 

As the follower comes down, it cauſes the 
drum to turn backward, and unwinds the rope 
from it, while the horſes, great wheel, trunck, 
and fly, go on with an uninterrupted motion: 
and as the drum is turning backward, the com- 
terpoiſe V is drawn up, and its rope T' wound 
upon the ſpiral fuſy D. 

There are ſeveral holes in the under ſide of the 
drum, and the bolt Y always takes the firſt one 
that it finds when the drum ſtops by the falling 
of the follower upon the ram; until which ſtop- 

page, the bolt has not time to flip into any of the 
holes. 

This engine was placed upon a barge on the 
water, and fo was caſily conveyed to any plac 
deſired. I never had the good fortune to {ce 1 
but drew this figure from a model which I mace 
from a print of it; being not quite ſatisficd wi 
the view which the print gives. I have bet 
told that the ram was a ton weight, and that the 
guides þ , between which it was drawn up u. 
let fall down, were 30 feet high. I ſuppoſe tix 
great wheel may have had 100 cogs, and ud 
trundle 10 ſtaves or rounds; ſo that the ff 
would make 10 revolutions for one of the gre 
wheel. 
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Lr. V. 
Of Haraſtatics, and hydraulic machines. 


HE ſcience of hydroſtatics treats of the 
nature, gravity, preſſure, and motion of 

ids in general; and of weighing ſolids in 

hem, 

A fluid is a body that yields to the leaſt preſ- Defini- 

ure or difference of preſſures. Its particles are _ 5 

o ſmall, that they cannot be diſcerned by the 

ſt microſcopes ; they are hard, ſince no fluid, 

xcept air or ſteam, can be preſſed into a leſs 

pace than it naturally poſſeſſes ; and they muſt 

e round and ſmooth, ſeeing they are fo eaſily 

oved among one another. 

All bodies, both fluid and ſolid, preſs down- 

ard by the force of gravity : but fluids have 

is wonderful property, that their preſſure up- 

ad and ſidewiſe is equal to their preſſure down- 

ud; and this is always in proportion to their 

rpendicular height, without any regard to their 

antity ;, for, as each particle is quite free to 

ove, it will move toward that part or fide on 

uch the preſſure is leaſt. And hence, no par- 

e or quantity of a fluid can be at reſt, till it 

every way cqually preſſed. 

To ſhew by experiment that fluids preſs up- plate x, 

id as well as downward, let AB be a long Fig. 1. 

night tube filled with water near to its top; Fluids 

| CD a ſmall tube open at both ends, and —_ 

merſed into the water in the large one; if the ward 1 
erſion be quick, you will ſee the water rife down- 

the ſmall tube to the ſame height that it ſtands ad. 

the great one, or until the ſurfaces of the 

H 2 water 


162 


Of Hydroftatics. 


water in both are on the ſame level: which ſhes 
that the water is preſſed upward into the ſmal 
tube by the weight of what is in the gre 
one; otherwiſe it could never riſe therein, con- 
trary to its natural gravity ; unleſs the diameter 
of the bore were ſo ſmall, that the attraction of 
the tube would raiſe the water; which will re. 
ver happen, if the tube be as wide as that in: 
common barometer. And, as the water riſes no 
higher in the ſmall tube than till its ſurface he 
on a level with the ſurface. of the water in the 
great one, this ſhews that the preſſure is not in 
proportion to the quantity of water in the great 
tube, but in proportion to its perpendicular 
height therein : for there is much more water in 
the great tube all around the ſmall one, than what 
15 raiſed to the ſame height in the ſmall one, a 
it ſtands within the great. 

Take out the ſmall tube, and let the water 
run out of it; then it will be filled with at. 
Stop its upper end with the cork C, and it vil 
be full of air all below the cork : this done, 
plunge it again to the bottom of the water 1n the 
great tube, and you will ſee the water rife up H 
it only to the height E; which ſhews that the al 
is a body, otherwiſe it could not hinder the water 
from riſing up to the ſame height as it did be- 
fore, namely, to A; and in ſo doing, it drove tht 
air out at the top; but now the air is conaned 
by the cork C. and it alſo ſhews that the al! | 
a compreſſible body, for if it were not fo, a dic 
of water could not enter into the tube. | 

The preſſure of fluids being equal in al 0 
rections, it follows that the ſides of a veſſcl att 
much preſſed by a fluid in it, all around in 4 
given ring of points, as the fluid below that * 


is pre ſſed by the weight of all that ſtands a b 


with 
Or ſm 
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. Hence the preſſure upon every point in the 


hem des, immediately above the bottom, is equal to 

Cmal the preſſure upon every point of the bottom. To 

ren ſhew this by experiment, let a hole be made at Fig. 2. 
_y in the ſide of the tube AB cloſe by the bot- 

mer vom; and another hole of the ſame ſize in the 

on of WI bottom at C; then pour water into the tube, 

1 keeping it full as long as you chooſe the holes 

1 ould run, and have two baſons ready to receive 

5 the water that runs through the two holes, until 

* you think there is enough in each baſon; and 

n the you will find by meaſuring the quantities, that 

"ot in they are equal ; which ſhews that the water run 

ger with equal ſpeed through both holes: which it 
cl could not have done, if it had not been equally 

ek preſſed through them both. For, if a hole of 

wh the ſame ſize be made in the fide of the tube, as 

_ about f, and if all three are permitted to run 


Water 


together, you will find that the quantity run 
through the hole at F is much leſs than what has 


* run in the ſame time through either of the holes 
it wil Cor e. | 

done, In the ſame figure, let a tube be turned up 
in the rom the bottom at e into the ſhape D E, and 
up in the hole at C be ſtopt with a cork. Then, pour 


che ar Aer into the tube to any height, as Ag, and it 


vater vill ſpout up in a jet ETC, nearly as high as it 
i4 be- l kept in the tube AB, by continuing to pour 
ve they nas much there as runs through the hole E; 
fred ch will be the cafe while the ſurface Ag keeps 
, air the fame height. And if a little ball of cork 
% © be laid upon the top of the jet, it will be ſup- 

ported thereby, and dance upon it. The reaſon 
aud y the jet riſes not quite ſo high as the ſurface 
are? of the water Ag, is owing to the reſiſtance it meets 
in a ich in the open air: for, if a tube, either great 
ar rn er mall, was ſcrewed upon the pipe at E, the 
5 Abo! 3 | water 


| 
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paradox, 


Fig, Ze 


Of Hydroſtatics, 


water would riſe in it until the ſurface of the 
water in both tubes were on the fame level; a; 
will be ſhewn by the next experiment. 

Any quantity of a fluid, how ſmall ſoever, may 
be made to balance ani ſupport any quantity, 
how great ſoever. This is deſervedly termed 
the hydroftatical paradox, which we ſhal! firſt ſhew 
by an experiment, and then account for it upon 
the principle above-mentioned ; namely, that 7he 
preſſure of fluids is direly as their perpendicular 
6 * without any regard to their quantity. 


et a ſmall glaſs ::be D CG, open throughout, 


and bended at B, be joined to the end of a great 
one AI at cd, where the great one is alſo open; 
ſo that theſe tubes in their openings may freely 
communicate with each other. Then pour wa- 
ter through a ſmall necked funnel into the ſmall 
tube at H; this water will run through the join- 
ing of the tubes at c d, and rife up into the great 
tube; and if you continue pouring until the ſur- 
face of the water comes to any part, as A, in the 
great tube, and then leave off, you will ſee that 
the ſurface of the water in the ſmall tube will be 
juſt as high, at D; fo that the perpendicular 
height of the water -will be the ſame in both 
tubes, however ſmall the one be in proportion to 
the other, This ſhews, that the ſmall column 
DC balances and ſupports the great column 
Acd: which it could not do if their preſſures 
were not equal againſt one another in the fe- 
curved bottom at B.—lIf the ſmall tube be made 
longer, and inclined in the ſituation G E F, the 
ſurface of the water in it will ſtand at F, on the 
ſame level with the ſurface A in the great tube; 
that is, the water will have the ſame perpendicular 
height in both tubes, although the column in the 
{mall tube is longer than that in the great * f 
3 | 
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the former being oblique, and the latter perpen- 
dicular. | 

Since then the preſſure of fluids is directly as 
their perpendicular heights, without any regard 
to their quantities, it appears that whatever the 
figure or ſize of veſſels be, if they are of equal 
heights, and if the areas of their bottoms are 
equal, the preſſures of equal heights of water are 
equal upon the bottoms of theſe veſſels; even 
though the one ſhould hold a thouſand or ten 
thouſand times as much water as would fill the 
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other. To confirm this part of the hydroſtatical Fig. 4, f. 


paradox by an experiment, let two veſſels be 
prepared of equal heights but very unequal con- 
tents, ſuch as AB in Fig. 4. and AB in Fig. 
c, Let each veſſel be open at both ends, and 
their bottoms D d, D 4 be of equal widths. Let 
2 braſs bottom CC be exactly fitted to each veſ- 
el, not to go into it, but for it to ſtand upon; 
and let a piece of wet leather be put between 
each veſſel and its braſs bottom, for the ſake of 
cloſeneſs. Join each bottom to its veſſel by a 
hinge D, ſo that it may open like the lid of a 
box; and let each bottom be kept up to its 
veſſel by equal weights E and E hung to lines 
hich go over the pulleys Fand F (whole blocks 
xe fixed to the ſides of the veſlcls at f) and the 
lines tied to hooks at 4 and d, fixed in the braſs 
dottoms oppoſite to the hinges D and D. Things 
being thus prepared and fitted, hold the veſſel 
4B (Fig. 5.) upright in your hands over a baſon 
on a table, and cauſe water to be poured into the 
reſſel Nowly, till the preſſure of the water bears 


Own its bottom at the ſide 4, and raiſes the 


| weight E; and then part of the water will run 
Wat d, Mark the height at which the ſurface 
Hof the water ſtood in the veſſel, when the bot- 
8 & rom 
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Fig. 4. 
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tom began to give way at 4; and then, holdi 

up the other veſſel 4 B (Fig. 4.) in the fame 

manner, . cauſe water to be poured into it at H,; 

and you will ſee that when the water riſes to 4 

in this veſſel, juſt as high as it did in the former, 

its bottom will allo give way at d, and it will loſe 
art of the water. 

The natural reaſon of this ſurpriſing pheno- 
menon is, that ſince all parts of a fluid at equal 
depths Below the ſurface are equally preſſed in 
all manner of directions, the water immediately 
below the fixed part Bf (Fig. 4.) will be preſſed 
as much upward againſt its lower ſurface within 
the veſſel, by the action of the column Ag, a 
it would be by a column of the ſame height, and 
of any diameter whatever ; (as was evident by 
the experiment with the tube, Fig. 3.) and there- 
fore, ſince action and reaction are equal and 
contrary to each other, the water immediatch 
below the ſurface BF will be preſſed as much 
downward by it, as if it was immediately touched 
and preſſed by a column of the height g A, and 
of the diameter B f: and therefore, the water 
in the cavity BD df will be preſſed as much 


, downward upon its bottom CC, as the bottom 


of the other veſſel (Fig. 5.) is preſſed by all the 
water above it. 

To illuſtrate this a little farther, let a hole be 
made at f in the fixed top B, and let a tube G 
be put into it; then, if water be poured into the 
tube A, it will (after filling the cavity B &) Nic 
up into the tube G, until it comes to a level with 
that in the tube A, which is manifeſtly owing de 
the preſſure of the water in the tube A, upon 
that in the cavity of the veſſel below it. Con- 
ſequently, that part of the top B/, in which the 
hole is now made, would, if corked up, be 

| preſſcd 
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preſſed upward with a force equal to the weight 


of all the water which is ſupported in the tube G. 
and the ſame thing would hold at g, if a hole 
were made. there. And ſo if the whole cover or 
top B f were full of holes, and had tubes as high 
23 the middle one Ag put into them, the water 
in each tube would rite to the ſame height as it is 
kept into the tube 4, by pouring more into it, 
to make up the deficiency that it ſuſtains by ſup- 
plying the others, until they are all full: and 
then the water in the tube 4 would ſupport 
equal heights of water in all the reſt of the tubes. 
Or, if all the tubes except 4, or any other one, 
were taken away, and a large tube equal in dia- 
meter to the whole top Bf were placed upon it, 
and cemented to it, and then if water were 
poured into the tube that was left in either of 
the holes, it would aſcend through all the reſt of 
the holes, until it- filled the large tube to the 
ame height that it ſtands in the ſmall one, after 
a ſufficient quantity had been poured into it : 
which ſhews, that the top Bf was preſſed up- 
ward by the water under it, and before any 
hole was made in it, with a force equal to that 
wherewith it is now preſſed downward by the 
weight of all the water above it in the great 
tube. And therefore, the re-action of the fixed 
op B/ muſt be as great, in preſſing the water 
(ownward upon the bottom CC, as the whole 
preſſure of the water in the great tube would 
have been, if the top had been taken away, and 
the water in that tube left to preſs directly upon 
the water in the cavity B DA. 

Perhaps the beſt machine, in the world for Fig. 6. 
demonſtrating the upward preſſure of fluids, is The 4y- 
the hydroſtatic bellows A; which conſiſts of two ru wo 
thick oval boards, each about 16 inches broad, g 
ind 18 inches long, covered with leather, to 

open 
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ſuppoſe only one hole to be made in any part of 
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open and ſhut like a common bellows, but with. 
out valves; only a pipe B, about three feet 
high, is fixed into the bellows at e. Let ſome 
water be poured into the pipe at c, which will 
run into the bellows, and ſeparate the boards a 
little. Then lay three weights , c, d, each 
weighing 100 pounds, upon the upper board, 
and pour more water into the pipe B, which will 
run into the bellows, and raiſe up the board with 
all the weights upon it; and if the pipe be kept 
full, until the weights are raiſed as high as the 
leather which covers the bellows will allow them, 
the water will remain in the pipe, and ſupport 
all the weights, even though it ſhould weigh no 
more than a quarter of a pound, and they 300 
pounds: nor will all their force be able to cauſe 
them to deſcend and force the water out at the 
top of the pipe. 

The reaſon of this will be made evident, by 
conſidering what has been already faid of the 
reſult of the preſſure of fluids of equal heights 
without any regard to the quantities. For, if a 
hole be made in the upper board, and a tube be 
put into it, the water will riſe in the tube to the 
ſame height that it does in the pipe : and would 
riſe as high (by ſupplying the pipe) in as many 
tubes as the hoard could contain holes. Now, 


the board, of an equal diameter with the bore of 
the pipe B; and that the pipe holds juſt a quar- 
ter of a pound of water; if a perſon claps his 
finger upon the hole, and the pipe be filled with 
water, he will find his finger to be preſſed up- 
ward with a force equal to a quarter of a pound. 


And as the ſame preſſure is equal upon all equal incl 
parts of the board, each part whoſe area is equal ther 
to the area of the hole, will be preſſed upward with tot 


2 force equal to that of a quarter of a pound ow 
um 
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ith. ſum of all which preſſures againſt the under ſide - 
feet of an oval board 16 inches broad, and 18 mches 
"me long, will amount to 300 pounds; and therefore 
Will fo much weight will be raiſed up and ſupported 
Is a by a quarter of a pound of water in the pipe, 
ach Hence, if a man ſtands upon the upper board, How a 
ard, and blows into the bellows through the pipe B, man may 
will he will raiſe himſelf upward upon the board: _ hin- 
vith ind the ſmaller the bore of the pipe is, the eaſier wand by 
ept he will be able to raiſe himſelf. And then, by his | 
the capping his finger upon the top of the pipe, he breath. 
em, can ſupport himſelf as long as he eaſes pro- 
port vided the bellows be air-tight fo as not to loſe 
no what is blown into it. 
300 This figure, I confeſs, ought to have been 
auſe much larger than any other upon the plate ; bur 
the it was not thought of, until all the reſt were 

drawn; and it could not ſo properly come into 
by any other plate. 
the Upon this principle of the upward preſſure of How ſolid 
phts fluids, a piece of lead may be made to ſwim in je" may 
if a mer, by . to a proper depth, and ue ad 
be keeping the water m getting above it. in water. 


the CD be a glaſs tube, open throughout, and 


ould EFG a flat piece of lead, exactly fitted to the Fig. 7. 

any lower end of the tube, not to go within it, but | 
ow, for it to ſtand upon; with a wet leather between 
rt of the lead and the tube to make cloſe work. Let 5 
e of this leaden bottom be half an inch thick, and 1 
uar- held cloſe to the tube by pulling the packthread 1 
his IHL upward at L with one hand, while the 
with tube is held in the other by the upper end C. (| 
up- I this ſituation, let the tube be immerſed in 14 
und. water in the glaſs veſſel AB, to the depth of fix 
qual inches below the ſurface of the water at K: and | ; 
qual then, the leaden bottom E FG will be plunged N 
= to the depth of ſomewhat more than eleven times F| 
; the its 
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tom of 
water. 


How light 
wood may 
be made Re 37 
to lie at ATE put together: let one of the pieces, as 94, 


the bot- be cemented to the bottom of the veſſel 4} 


. trary preſſure of the water is kept off by the 
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its own thickneſs: holding. the tube at that 


depth, you may let go the thread at L; and 
the lead will not fall from the tube, but will be 
kept to it by the upward preflure of the water 
below it, occaſioned by the height of the water 
at K above the level of the lead. For as lead is 
11.33 times as heavy as its bulk of water, and is 
in this experiment immerſed to a depth ſome- 
what more than 11.33 times its thickneſs and 
no water getting into the tube between it and 
the lead, the column of water Ea below the 
lead is preſſed upward. againſt it by. the water 
KDEGL all around the tube ; which water 
being a little more than 11.33 times as high a; 
the lead is thick, is ſufficient to balance and ſup- 
port the lead at the depth XE. If a little water 
be poured into the tube upon the lead, it wil 
increaſe the weight upon the column of water 
under the lead, and cauſe the lead to fall from 
the tube to the bottom of the glaſs veſſel, where 
it will he in the ſituation þ d. Or, if the tube be 
raiſed a little in the water, the lead will fall by its 
own weight, which will then be too great for the 
preſſure of the water around the tube upon the 
column of water below it. 

Let two pieces of wood be planed quite flat, ſo 
as no water may gct in between them when they 


(Fig. 7.) and the other piece be laid flat and cloſe 
upon it, and held down to it by a ſtick, while 
water 1s poured into the veſſel; then remove 
the ſtick, and the upper piece of wood will not 
riſe from the lower one: for, as the- upper one 15 

reſſed down both by its own weight and tht 
weight of all the water over it, while the con- 
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weighed, firſt in air, and then in water, and 
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wood under it, it will lie as ſtill as a ſtone would 
do in its place. But if it be raiſed ever ſo little 
x any edge, ſome water will then get under it; 
which being acted upon by the water above, will 
immediately preſs it upward ; and as it is lighter 
than its bulk of water, it will riſe, and float upon 
the ſurface of the water. 

All fluids weigh juſt 'as much in their own 
elements as they do in open air. To prove 
this by experiment, let as much ſhot be pur into 
a phial, as, when corked, will make 1t fink in 
water: And, being thus charged, let it be 


the weights in both caſes wrote down. Then, 
as the phial hangs ſuſpended in water, and 
counterpoiſed, pull out the cork, that water may 
run into it, and it will deſcend, and pull down 
that end of the beam. This done, put as much 
weight into the oppoſite ſcale as will reſtore the 
equipoiſe ; which weight will be found to anſwer 
exactly to the additional weight of the phial when 
it is again weighed in air, with the water in it. 

The velocity with which water ſpouts out at a The velo- 
hole in the fide or bottom of a veſſel, is as the 2 ** 
ſquare root“ of the depth or diſtance of the r. s | 
hole below the ſurface of the water. For, in i 
order to make double the quantity of a fluid | 
run through one hole as through another of the ö 
ſame ſize, it will require four times the preſſure 
of the other, and therefore muſt be four times 
the depth of the other below the ſurface of the 
water: and for the ſame reaſon, three times the 1 
quantity running in an equal time through the 


* The ſquare root of any number is that which being 
multiplied by itſelf produces the ſaid number, Thus, 2 18 
the ſquare root of 4, and 3 is the ſquare root of 9: for 2 | 
2 by 2 produces 4, and 3 multiplied by 3 produces ; 
9. C. 4 | 1 


r 
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ſame ſort of hole, muſt run with three times 

the velocity, which will require nine times the 

preſſure ; and conſequently muſt be nine times 

as deep below the ſurface of the fluid: and ſo 

| on. To prove this by an experiment, let two 

Fig. 8. pipes, as C and g, of equal ſized bores, be 

of faxed into the ſide of the veſſel AB; the pipe 

g being four times as deep below the ſurface of 

the water at 5 in the veſſel as the pipe C is: and 

while theſe pipes run, let water be conſtantly 

ured into the veſſel, to keep the ſurface ſtill 

at the ſame height. Then, if a cup that holds 

va pint be ſo placed as to receive the water that 

ſpouts from the pipe C, and at the ſame moment 

a cup that holds a quart be ſo placed as to re- 

ceive the water that ſpouts from the pipe g, both 

cups will be filled at the ſame time by their re- 
ſpective pipes. 

The hori- The horizontal diſtance, to which a fluid will 

_— ſpout from a horizontal pipe, in any part of the 

do which ſide of an upright veſſel below the ſurface of the 

water will fluid, is equal to twice the length of a perpen- 

ſpout dicular to the ſide of the veſſel, drawn 8 the 

_ mouth of the pipe to a ſemicircle deſcribed upon 

PP% the altitude of the fluid: and therefore, the 

fiuid will ſpout to the greateſt diftance poſſible 

from a pipe, whoſe mouth is at the center of 

the ſemicircle ; becauſe a perpendicular to its 

diameter (ſuppoſed parallel to the ſide of the 

veſſel) drawn from that point, is the longeſt that 

can poſſibly be drawn from any part of the 

diameter to the circumference of the femicircie. 

Fig. 8, Thus, if the veſſel AB be full of water, the 

horizontal pipe D be in the middle of its fide, 

and the ſemicircle Nd c & be deſcribed upon D 

as a center, with the radius or ſemidiameter 

Dg NM, or Df, the perpendicular D to the 


diameter N D 6 is the longeſt that can be wn 
| rom 
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from any part of the diameter to the circumfe- 
rence Ndcb. And if the veſſel be kept full, 
the jet G will ſpout from the pipe D, to the 
horizontal diſtance NM, which is double the 
length of the perpendicular D d. If two other 
pipes, as C and E, be fixed into the ſide of the 
veſſel at equal diſtances above and below the 
pipe D, the perpendiculars Cc and E e, from 
theſe pipes to the ſemicircle, will be equal; and 
the jets F and I ſpouting from them will each 
go to the horizontal diſtance MX; which is 
double the length of either of the equal perpen- 
diculars Cc or Ee. 


Fluids by their preſſure may be conveyed over How wa- 


fils and vallies in bended pipes, to any height . 


not greater than the level of the ſpring from 


may 
Con 


whence they flow, But when they are deſigned over hills 
to be raiſed higher than the ſprings, forcing en- and val- 


vines muſt be uſed ; which ſhall be deſcribed = 


when we come to treat of pumps. 


A ſyphon, generally uſed for decanting li- The g- 


quors, is a bended pipe, whole legs are of un- Pn. 


equal lengths ; and the ſhorteſt leg muſt always 
be put into the liquor intended to be decanted, 


that the perpendicular altitude of the column of 


1quor in the other leg may be longer than the 
column in the immerſed leg, eſpecially above 
the ſurface of the water. For, if both columns 
vere equally high in that reſpect, the atmo- 


ſphere, which preſſes as much upward as down- 


ward, and therefore acts as much upward 
2gainſt the column in the leg that hangs without 
tne veſſel, as it acts downward upon the ſur- 
ace of the liquor in the veſſel, would hinder 
the running of the liquor through the ſyphon, 
even though it were brought over the bended 
part by ſuction, So that there is nothing left * 

Calle 
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cauſe the motion of the liquor, but the ſuperict 
weight of the column, in the longer leg, 05 
account of its having the greater perpendiculy 
height, 

Let D be a cup filled with water to C, and 
ABC a ſyphon, whoſe ſhorter leg BCF is im. 
merſed in the water from C to F. If the end of 
the other leg were no lower than the line 40 
which is level with the ſurface of the water, the 
ſyphon would not run, even though the air 
ſhould be drawn out of it at the mouth A. Fo 
although the ſuction would draw ſome water x: 
firſt, yet the water would ſtop at the moment 
the ſuction ceaſed ; becauſe the air would at x 
much upward againſt the water at A, as it acted 
downward for it by preſſing on the ſurface at (. 
But if the leg AB comes down to G, and the 
air be drawn out at & by ſuction, the water wil 
immediately follow, and continue to run, unt! 
the ſurtace of the water in the cup comes down 
to V; becauſe, till then, the perpendicular 
height of the column B AG will be greater than 
that of the column CB; and conſequently, 1t 
weight will be greater, until the * comes 
down to 7“; and then the ſyphon will ſtop, 
though the leg C ſhould reach to the bottom 
of the cup. For which reaſon, the leg that 
hangs without the cup is always made long 
enough to reach below the level of its bottom; 
as from d to E: and then, when the ſyphon = 
emptied of air by ſuftion at E, the water im. 
mediately follows, and by its continuity brings 
away the whole from the cup; juſt as pulling 
one end of a thread will make the whole clue 
follow. 

If the perpendicular height of a ſyphon, fron 
the ſurtace of the water to its bended top of 
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de more than 33 feet, it will draw no water, 

eren though the other leg were much longer, 

and the ſyphon quite emptied of air; becauſe 

te weight of a column of water 33 feet high, 

js equal to the weight of as thick a column of 

ur, reaching from the ſurface of the earth to 

the top of the atmoſphere ; ſo that there will 

then be an equilibrium, and conſequently, 3 

there would be weight enough of air upon the 

firface C to make the water aſcend in the leg 

(3B almoſt to the height B, if the ſyphon were 

emptied of air, . yet that weight would not be 

ſafficient to force the water over the bend; and 

erefore, it could never be brought over into 

tie leg BAG. 

Let a hole be made quite through the bottom Fig. 10. 

{ the cup A, and the longer leg of the bended T 

phon DEBG be cemented into the hole, ſo * 

at the end D of the ſhorter leg DE may al- 

noſt touch the bottom of the cup within. 

Then, if water be poured into this cup, it will 

ſe in the ſhorter leg by its upward preſſure, 

nving out the air all the way before it through 

e longer leg: and when the cup is filled above 

e bend of the ſyphon at F, the preſſure of the 

ater in the cup will force it over the bend of 

ie ſyphon ; and it will deſcend in the longer leg 

5G, and run through the bottom, until the 

up be emptied. 

This is generally called Tantalus's cup, and 

e legs of the ſyphon in it are almoſt cloſe to- 

ther; and a little hollow ſtatue, or figure of 

man, is ſometimes put over the ſyphon to con- 

it; che bend E being within the neck of 

e figure as high as the chin. So that poor 

ty Jantalus ſtands up to the chin in water, 

aging it will riſe a little higher, and he 
| I may 
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T he foun- 


uam at 
command. 


Plate XI. 
Fig. 1. 
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may drink; but inſtead of that, when the waty 
comes up to his chin, it immediately begins to 
deſcend, and ſo, as he cannot ſtoop to follow 
it, he is left as much pained with thirſt a 
+ - 
The device called the fountain at command, 
acts upon the ſame principle with the ſyphon in 
the cup. Let two veſſels A and B be joined 
together by the pipe C which opens into them 
both. Let A be open at top, B cloſe both at 
top and bottom, ſave only a ſmall hole at J to 
let the air get out of the veſſel B, and A be of 
ſuch a ſize, as to hold about ſix times as much 
water as B. Let a ſyphon DEF be ſoldered to 
the veſſel B at e, ſo that the part D Ee may be 
within the veſſel, and F without it ; the end D 
almoſt touching the bottom of the veſſel, and 
the end F below the level of D: the veſſel B 
hanging to A by the pipe C (ſoldered into both) 
and the whole ſupported by the pillars G and H 
upon the ſtand J. The bore of the pipe muſt 
be conſiderably leſs than the bore of the y- 
hon. 
Y The whole being thus conſtructed, let the 
veſſel A be filled with water, which will run 
through the pipe C, and fill the veſſel B. When 
B is filled above the top of the ſyphon at E, the 
water will run through the ſyphon, and be dil- 
charged at F. But as the bore of the ſyphon 
is larger than the bore of the pipe, the ſyphon 
will run faſter than the pipe, and will ſoon 
empty the veſſel B; upon which the water wil 
ceaſe from running through the ſyphon at I, 
until the pipe C refills the veſſel B, and then it 
will begin to run as before. And thus the 5j. 

hon will continue to run and ſtop alternate}, 
until all the water in the veſſel 4 has run 

has Ps | througk 
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rough the pipe C.—So that after a few trials, 
me may eaſily gueſs about what time the ſy- 
on will ſtop, and when it will begin to run: 


id then, to amuſe others, he may call out top, 
iran, accordingly. 


14 be part of a hill, within which there is a 
tunnel running in the direction BCDE. The 


md ſtrain through the ſmall pores and crannies 
6,G,G,G; and fill the cavity with water K. 
hen the water riſes to the level HHC, the 
tin BCD E will be filled to C, and the water 
ll run through CDF as through a ſyphon ; 
ach running will continue until the cavity be 
ptied, and then it will ſtop until the cavity be 


Wicd again, 


Ns Es. 8 n 656% ».2050 


1D 


cls, is an engine both pneumatic and hydraulic. 
(conſiſts of a pipe open at both ends, in which 
$2 moveable piſton or bucket, as big as the 
Ire of the pipe in that part wherein it works; 
Md is leathered round, ſo as to fit the bore 
Wtly; and may be moved up and down, with- 
b ſuffering any air to come between it and the 
de or pump barrel. | 

We ſhall explain the conſtruction both of 
8 and the forcing- pump by pictures of glaſs 
wels, in which both the action of the piſtons 
U motion of the valves are ſeen. 


vater K, the water being deep enough to 
at leaſt as high as from A to L. The valve 


I 2 on 


Upon this principle, we may eaſily account Inti. 


5 1 . . . | mittin 
br antermitting, or reciprocating ſprings. Let . 


avity BB; and from this cavity a vein or Fig. 2. 


n that falls upon the ſide of the hill will fink. 


The common pump (improperly called the /uck- The com 
pump) with which we draw water out of 7% u. 


Hold the model DC B L upright in the veſſel Fig. 4; 


a the moveable bucket G, and the valve 5 
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| lined, underneath with leather for covering the 
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on the fixed box H (which box quite fills hg 
bore of the pipe or barrel at H) will each le 
cloſe, by its own weight, upon the hole in the 
bucket and box, until the engine begins to 
work. The valves are made of braſs, and 


holes the more cloſely : and the bucket 6 i 
raiſed and depreſſed alternately by the handle E 
and rod D d, the bucket being ſuppoſed x } 
before the working begins. 

Take hold of the handle E, and thereby 
draw up the bucket from B to C, which will 
make room for the air in the pump all the 
below the bucket to dilate itſelf, by which its 
ſpring is weakened, and then its force is nat 
equivalent to the weight or preſſure of the out- 
ward air upon the water in the veſſel A: and 
therefore, at the firſt ſtroke, the outward a 
will preſs up the water through - the notched 
foot A, into the lower pipe, about as far a2: 
this will condenſe the rarefied air in the pipe 
between e and C to the ſame ſtate it was in be- 
fore; and then, as its ſpring within the pipe 
is equal to the force or preſſure of the outvard 
air, the water will riſe no higher by the fil 
ſtroke; and the valve 3, which was raiſed 4 
little by the dilatation of the air in the pipe, vl 
fall, and ſtop the hole in the box H; and de 
ſurface of the water will ſtand at e. Then 
depreſs the piſton or bucket from C to J, a 
as the air in the part B cannot get back a 
through the valve 5, it will (as the bucket & 
ſcends) raiſe the valve a, and fo make its 
through the upper part of the barrel 4 into uk 
open air. But upon raiſing the bucket & a* 
cond time, the air between it and the wat?! 
the lower pipe at @ will be again left at liber 
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fl a larger ſpace; and ſo its ſpring being again 
weakened, the preſſure of the outward air on 
the water in the veſſel K will force more water 
up into the lower pipe from e to f; and when 
the bucket 1s at its greateſt height C, the lower 
valve b will fall, and ſtop the hole in the box 
H as before. At the next ſtroxe of the bucket 
or piſton, the water will riſe through the box 
H toward B, and then the valve &, which was 
raiſed by it, will fall when the bucket G is at 


1 ts greateſt height. Upon depreſſing the bucket 
= gain, the water cannot be puſhed back through 
ide valve &, which keeps cloſe upon the hole 


while the piſton deſcends. And upon raiſing 
the piſton again, the outward preſſure of the air 
vill force the water up through H, where it will 
raiſe the valve, and follow the bucket to 


ched WG Upon the next depreſſion of the bucket 
«+: WIG it will go down into the water in the barrel 
de : and as the water cannot be driven back 


through the new cloſe valve 5, it will raiſe the 
valve a as the bucket deſcends, and will be 


*. ted up by the bucket when it is next raiſed. 

« ed now, the whole ſpace below the bucket 
id eng full, the water above it cannot ſink when 

e, M next depreſſed; but upon its depreſſion, 
nd tele valve @ will riſe to let the bucket go down; 
Tien d when it is quite down, the valve @ will fall 


y its weight, and ſtop the hole in the bucket. 
hen the bucket is next raiſed, all the water 
dove it will be lifted up, and begin to run off 
the pipe F. And thus, by raiſing and 
Epreſſing the bucket alternately, there is ſtill 
dore water raiſed by it; which getting above 
de pipe F, into the wide top J, will ſupply 
| 1 and make it run with a continued 


80. 
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So, at every time the bucket is raiſed, the 
valve & riſes, and the valve a falls; and at every 
time the bucket is depreſſed, the valve 5 falls 
and à riſes. 

As it is the preſſure of the air or atmoſphere 
which cauſes the water to riſe, and follow the 
piſton or bucket G as it is drawn up; and ſince 
a column of water 33 feet high 1s of equal 
weight with as thick a column of the atmo- 
ſphere, from the earth to the very top of the air; 
w the perpendicular height of the piſton 
or bucket from the ſurface of the water in the 
well muſt always be leſs than 33 feet; otherwiſe 
the water will never get above the bucket: 
But, when the height is leſs, the preſſure of the 
atmoſphere will be greater than the weight ot 
the water in the pump, and will therefore rate 
it above the bucket: and when the water has 
once got above the bucket, it may be lifted 
thereby to any height, if the rod D be made 
long enough, and a ſufficient degree of ſtrengi 
be employed, to raiſe it with the weight of the 
water above the bucket. 

The force required to work a pump will be 
as the height to which the water is raiſed, and 
as the ſquare of the diameter of the pump- bote, 
in that part where the piſton works. So that, 
if two pumps be of equal heights, and one of 
them be twice as wide in the bore as the other, 
the wideſt will raiſe four times as much Warr 
as the narroweſt ; and will therefore require four 
times as much ſtrength to work it. | 

The wideneſs or narrowneſs of the pump, U 
any other part beſide that in which the piſtol 
works, does not make the pump either more ® 
leſs difficult to work, except what difference 


may ariſe from the friction of the water in 
bolt; 


requiri 
ſhall x 
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the WI bore ; which is always greater in a narrow bore 
cry chan in a wide one, becauſe of the greater velo- 
11s, city of the water. 


The pump-rod is never raiſed directly by ſuch 
2 handle as E at the top, but by means of a 


the WY lever, whoſe longer arm (at the end of which 
nce Wil the power is applied) generally exceeds the 
ua length of the ſhorter arm five or ſix times; and, 
mo- by that means, it gives five or ſix times as much 
air; WH advantage to the power. Upon theſe principles, 
ton it will be eaſy to find the dimenſions of a pump 
| the WW that ſhall work with a given force, and draw 
wile vater from any given depth. But, as theſe 
ket: WW calculations have been generally neglected by 
{ tne pump-makers (either for want of ſkill or in- 
it of duſtry) the following table was calculated by the 
raile I hte ingenious Mr. Booth for their benefit“. 
ln this calculation, he ſuppoſed the handle of 
ifced de pump to be a lever increaſing the power 
made fre times; and had often found that a man can 
gt work a pump four inches diameter, and 30 feet 


lig, and diſcharge 27 gallons of water (Eng- 


iſh wine meaſure) in a minute. Now, if it be 
ill be required to find the diameter of a pump, that 
„ud ſhall raiſe water with the ſame eaſe from any 
bore, Wi other height above the ſurface of the well; look 
that, Wi for that height in the firſt column, and over- 


ant it in the ſecond you have the diameter or 
other, E vidth of the pump; and in the third, you find 
water A the quantity of water which a man of ordinary 
e four Bi krength can diſcharge in a minute. 


"Ps u * I have taken the liberty to make a few alterations in 
piſton an. dete numbers in the table, and to lengthep it out 
ore or o feet to 100. 


bore; I 4 Height 
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6 
43 
A. 
. 
7 
* 
* 
4 
65 
} 
4 
1 
. 4 
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Height of the] Diameter of che Water charged in 
pump above] bore where the] a minute, Engliſh 
the ſurface off bucket works. | wine meaſure 
che well, | SE 
— — 
55 * — 
* 2 = 8 7 
= 6 .93 8 
15 5 „66 54 4 
20 4 90 7 
25 E 32 6 
30 4 . 00 27 2 
35 F J.-J 
40 3-448: 4 $0 3 
45 3 27 8 
50 3 420 16 3 
$3 2 +95 | is 7 
60 2 84 8 
| 65 2 8 
1 2 „62 1 
| 75 2 +53 „ 
80 2 45 10 2 
| 85 " Bo 9 
|. 190 2 «31 1 
95 2 25 5 
| 100 1 1 


The forcing pump raiſes water through the 
box Hin the ſame manner as the common pump 
does, when the plunger or piſton g is lifted 
up by the rod Dd. But this plunger has no 
hole through it, to let the water in the barrel 
BC get above it, when it is depreſſed to B, and 
the valve (which roſe by the aſcent of the 

| Water 
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water through the box H when the plunger g 
was drawn up) falls down and ſtops the hole in 
H the moment that the plunger is raiſed to its 
greateſt height. Therefore, as the water be- 
tyeen the plunger g and box I can neither get 
through the plunger upon its deſcent, nor back 
again into the lower part of the pump Le, but 
has a free paſſage by the cavity around I into 
the pipe MM, which opens into the air-veſſel 
KK at P; the water 1s forced through the pipe 
MM by the deſcent of the plunger, and driven 
into the air-veſſel; and in running up through 
the pipe at P, 1t opens the valve @; which ſhuts 
at the moment the plunger begins to be raiſed, 
becauſe the action of the water againſt the under 
lide of the valve then ceaſes, 

The water, being thus forced into the air- 
veſſel KK by repeated ſtrokes of the plunger, 
gets above the lower end of the pipe GH, 
and then begins to condenſe the air in the veſſel 
XX. For, as the pipe GH is fixed air-tight 
into the veſſel below F, and the air has no way 
to get out of the veſſel but through the mouth 
of the pipe at J, and cannot get out when the 
mouth J is covered with water, and is more 
and more condenſed as the water riſes upon the 
pipe, the air then begins to act forcibly by its 
ſpring againſt the 2 of the water at H: and 
this action drives the water up through the pipe 
IHGF, from whence it ſpouts in a jet $ to a 
great height; and is ſupplied by alternately raiſing 
and depreſſing of the plunger g, which con- 

tly forces the water that it raiſes through 
the valve H. along the pipe MM, into the air- 
veſſel XK. 

The higher that the ſurface of the water H is 
alled in the air-veſſel, the leſs ſpace will the 

alr 
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air be condenſed into, which before filled thy 
veſſel; and therefore the force of its ſpring vil 
be ſo much the ſtronger upon the water, and 
will drive it with the greater force through the 
pipe at F: and as the ſpring of the air con. 
tinues while the plunger g is riſing, the ſtream 
or jet & will be uniform, as long as the action 
of the plunger continues: and when the valve 
opens, to let the water follow the plunger up- 
ward, the valve @ ſhuts, to hinder the water, 
which is forced into the air-veſſel, from running 
back by the pipe MM into the barrel of the 
pump. 

If there was no air-veſſel to this engine, the 
pipe GH would be joined to the pipe MMN 
at P; and then, the jet & would ſtop ever 
time the plunger is raiſed, and run only when 
the plunger is depreſſed. 

Mr. Neuſbam's water-engine, for extinguiſh- 
ing fire, conſiſts of two forcing pumps, which 
alternately drive water into a cloſe veſſel of ar, 
and by forcing the water into that veſſel, the it 
in it is thereby condenſed, and compreſſes the 
water ſo ſtrongly, that it ruſhes out with great 
impetuoſity and force through a pipe that comes 
down into it; and makes a continued uniform 
ſtream by the condenſation of the air upon in 
ſurface in the veſſel. 

By means of forcing pumps, water may be 
raiſed to any height above the level of a river 

; or ſpring; and machines may be contrived t 

work theſe pumps, either by a running ſtream, 
a fall of water, or by horſes. An inſtance in each 

fort will be ſufficient to ſhow the method. 
Plate XII. Furſt, by a running ſtream, or a fall of Wa. 
Vig- 1. ter. Let AA be a wheel, turned by the fall 
of water BB; and have any number of 5 
a N up- 
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(ſuppoſe fix) as C, D, E, F, G, H, on its axis, 
according to the ſtrength of the fall of water, 
and the height to which the water is intended to 
be raiſed by the engine. As the wheel turns 
round, theſe cranks move the levers c, d, e, f, g, Bb, A pump 
up and down, by the iron rods i, &, I, n, u, o; engine to 
which alternately raiſe and depreſs the piſtons by =” =4 
the other iron rods p, 9, 7, % f, u, w, x, y, in 8 
twelve pumps; nine whereof, as L, M, N, O, P, 
9, R, S, T, appear in the plate; the other three 
being hid behind the work at FV. And as pipes 
may go from all theſe pumps to convey the 
vater (drawn up by them to a ſmall height) into 
a cloſe ciſtern, from which the main pipe goes 
off, the water will be forced into this ciſtern by 
the deſcent of the piſtons. And as each pipe, 
going from its reſpective pump into the ciſtern, 
has a valve at its end in the ciſtern, theſe valves 
will hinder the return of the water by the pipes; 
and therefore, when the ciſtern is once full, each 
piſton upon its deſcent will force the water ** 
veyed into the ciſtern by a former ſtroke) up 
the main pipe, to the height the engine was in- 
tended to raiſe it : which height depends upon 
the quantity raiſed, and the power that turns the 
Wheel. When the power upon the wheel is leſ- 
ſened by any de ſect of the quantity of water turn- 
ing it, a proportionable number of the pumps 
may be ſet aſide, by diſengaging their rods from 
the vibrating levers. 
This figure is a repreſentation of the engine 
erected at Blenheim for the Duke of Marlborough, 
by the late ingenious Mr. Alderſea. The water- 
wheel is 74 feet in diameter, according to Mr, 
Switzer's account in his Hydraulics, 
When ſuch a machine is placed in a ſtream 
tat runs upan a ſmall decliyity, the motion = 


”— — — _ 


— — — = — — — 
> x RS - — = — — = 
— =. === GE. e * 80 * "=, — - 
= —— - o _—_ - — — — 


„ ˙ m ˙ 


* = TIC 


= 4 


- Fon — 
4 


— — 
—— — 
= ———ů— — 
— a — _ — 7 - 


126 


A pump 

engine to 

50 by 
orſes. 


Fig. 2. 


the wheel has three times as many cogs as the 
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the levers and action of the pumps will be but 
flow ; ſince the wheel muſt go once round for 
each ſtroke of the pumps. But, when there is 4 
large body of flow running water, a cog or ſpur. 
wheel may be placed upon each ſide of the 
water-wheel AA, upon its axis, to turn a trundle 
upon each ſide ; the cranks being upon the axis 
of the trundle. And by proportioning the cog. 
wheels to the trundles, the motion of the pumps 
may be made quicker, according to the quantity 
and ſtrength of the water upon the firſc wheel; 
which may be as great as the workman pleaſes; 
according to the length and breadth of the floa- 
boards or wings of the wheel. In this manner, 
the engine for raiſing water at London- Bridge is 
conſtructed ; in which, the water-wheel is 20 feet 
chameter, and the floats 14. feet long. 
Where a ſtream or fall of water cannot be had, 
and gentlemen want to have water raiſed, and 
brought to their houſes from a rivulet or ſpring; 
this may be effected by a horſe-engine, working 
three forcing pumps which ſtand 1n a reſervoir 
filled by the ſpring or rivulet : the piſtons being 
moved up and down in the pumps by means of 
triple crank ABC, which, as it is turned round 
by the trundle G, raiſes and depreſſes the rods 
D, E, F. The trundle may be turned by ſuch 4 
wheel as F in Fig. 1. of Plate VIII. having le- 
vers y, y, y, y, on its upright axle, to which horks 
may be joined for working the engine. And if 


trundle has ſtaves or rounds, the trundle and 
cranks will make three revolutions for every one 
of the wheel: and as each crank will fetch 2 
ſtroke in the time it goes round, the three cranks 


will make nine ſtrokes for every rurn of the great 
wheel, 
The 
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The cranks ſhould be made of caſt iron, be- 
cauſe that will not bend ; and they ſhould each 
make an angle of 120 with both of the others, 
8 at a, b, c; which is (as it were) a view of their Plate XII. 
radii, in looking endwiſe at the axis; and then Fig. 2. 
there will be always one or other of them going | 
downward, which will Þuſh the water forward 

with a continued ſtream into the main pipe. 

For, when & is almoſt at its loweſt poſition, and 

js therefore juſt beginning to loſe its action upon 

the piſton which it moves, c 1s beginning to move 
downward, which will by its piſton continue the 
propelling force upon the water: and when c is 

come down to the poſition of &, @ will be in the 

poſition of c. 

The more perpendicularly the piſton rods 
move up and down in the pumps, the freer and 
detter will their ſtrokes be: but a little devia- 
ton from the perpendicular will not be material. 
Therefore, when the pump-rods D, E, and F, 
go down into a deep well, they may be moved 
directly by the cranks, as is done in a very good 
horſe engine of this ſort at the late Sir James 
Creed's at Greenwich, which forces up water about 
64 feet from a well under ground, to a reſervoir 
on the top of his houſe. But when the cranks 
are only at a ſmall height above the pumps, the 
piſtons muſt be moved by vibrating levers, as in 
the above engine at Blenheim : and the longer 
the levers are, the nearer will the ſtrokes be to a 
perpendicular. 

Let us ſuppoſe, that in ſuch an engine as Sir Thequan- 
James Creed's, the great wheel is 12 feet diame- a Ba * 
ter, the trundle 4 bee. and the radius or length may be : 
of each crank g inches, working a piſton in its raiſed by 
8 Let there be three pumps in all, and the 2 horſe- 

re of each pump be for inches diameter. 81e. 

5 Then, 
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Then, if the great wheel has three times as num 
cogs as the trundle has ſtaves, the trundle and 
cranks will go three times round for each revolu- 
tion of the horſes and wheel, and the three cranks 
will make nine ſtrokes of the pumps in that time, 
each ſtroke being 18 inches (or double the length 
of the crank) in a four-inch bore. Let the da- icti 
meter of the horſe-walk be 18 feet, and the per. 
pendicular height to which the water 1s raiſed 
above the ſurface of the well be 64 feet. 

If the horſes go at the rate of two miles an 
hour (which is very moderate walking) they 
will turn the great wheel 187 times round in an 
hour. | 

In each turn of the wheel the piſtons make g- 
ſtrokes in the pumps, which amount to 1683 in 
an hour. 

Each ſtroke raiſes a column of water 18 inches 
long, and four inches thick, in the pump-bar- 
rels; which column, upon the deſcent of the 
piſton, is forced into the main pipe, whoſe per- 
pendicular altitude above the 2 of the well 
is 64 feet. | 

Now, ſince a column of water 18 inches long, 
and 4 inches thick, contains 226.18 cubic inches, 
this number multiplied by 1683 (the ſtrokes in 
an hour) gives 380661 for the number of cubic 
inches of water raiſed in an hour. 

A gallon, in wine meaſure, contains 231 cubic 
inches, by which divide 380661, and it quotes 
1468 in round numbers, for the number of gallons - mall o. 
raiſed in an hour; which, divided by 63, gives des of 
264 hogſheads.—lt the horſes go faſter, the quan- And 
tity raiſed will be ſo much the greater. 

In this calculatian it 1s ſuppoſed that no water 
is waſted by the engine. But as no forcing 


engine can be ſuppoſed to loſe leſs than a _ 
7 
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it of the calculated quantity of water, between 
piſtons and barrels, and by the opening and 
zutting of the valves, the horſes ought to walk 
moſt 2 miles per hour, to fetch up this loſs. 
A column of water 4 inches thick, and 64 feet 
ich, weighs 3499 pounds avoirdupoiſe, or 
A pounds troy; and this weight, together with 
friction of the engine, is the reſiſtance that 
muſt be overcome by the ſtrength of the horſes. 
The horſe-tackle ſhould be ſo contrived, that 
be horſes may rather puſh on than drag the 
ters after them. For if they draw, in goin 
mund the walk, the outſide leather ſtraps will 
ub againſt their ſides and hams; which will 


* 7 2 — 


ee 


2 I 


= \S 


ut if they puſh the levers before their breaſts, 
uſtead of dragging them, they can always walk 
unght angles to theſe levers. 5 
It is no ways material what the diameter of 
be main or conduct pipe be: for the whole re- 
lance of the water therein, againſt the horſes, 
l be according to the height to which it is 
uſed, and the diameter of that part of the pump 
a which the piſton works, as we have already 
blerved. So that by the ſame pump, an equal 
uantity of water may be raiſed in (and conſe- 
ently made to run from) a pipe of a foot dia- 


= 5 > _ 8 os 


ix inches; or rather with more eaſe, becauſe its 

elocity in a large pipe will be leſs than in a 
one; and 3 its friction againſt the 

Wes of the pipe will be leſs alſo. 

And the 1 


ot upon the length of the pipe, but upon the 


ye the level of the ſpring. So that the ſame 
4 | force, 


inder them from drawing at right angles to the 
bers, and ſo make them pull at a diſadvantage. 


eter, with the ſame eaſe as in a pipe of five or 


orce required to raiſe water depends. 


perpendicular height to which 1t is raiſed therein. 
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ſure againſt the end A of the former, 
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force, which would raiſe water to the height 43 
in the upright pipe Aik/mnopgqs, will raiſe i 
to the ſame height or level B 7 Hin the oblique 
pipe AEF GH. For the preſſure of the water 
at the end A of the latter, is no more than its preſ. 


The weight or preſſure of water at the lower 
end of the pipe, is always as the fine of the 
angle to which the pipe is elevated above the 
level parallel to the horizon. For, although the 
water in the upright pipe A B would require 2 
force applied immediately to the lower end 4 
equal to the weight of all the water in it, to ſup- 
port the water, and a little more to drive it up, 
and out of the pipe; yet, if that pipe be inclined 
from its upright poſition to an angle of 80 de- 
grees (as in A 80) the force required to ſupport 
or to raiſe the ſame cylinder of water will then 
be as much leſs, as the fine 80 5 is leſs than the 
radius A B; or as the ſine of 80 degrees is kl 
than the fine of 90. And ſo, decreaſing as the 
fine of the angle of elevation leſſens, until it a- 
rives at its level A.C or place of reſt, where the 
force of the water is nothing at either end of the 
pipe. For, although the abſolute weight of the 
water is the ſame in all poſitions, yet its preſſure 
at the lower end decreaſes, as the fine of the angle 
of elevation decreaſes; as will appear plainly by 
a farther conſideration of the figure. 

Let two pipes, A B and A C, of equallengits 
and bores, join cach other at 4; and let the pipe 
A de divided into 100 equal parts, as the ſcale 
is; whoſe length is equal to the length: of the 

pipe.—Upon this length, as a radius, deſcribe 
the quadrant B C D, and divide it into 90 equi 
parts or degrees. : 
Let ihe pipe AC be clevatcd to 10 * 

| 9 
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upon the quadrint, and filled with water; then, 
part of the water that 1s in it will riſe in the 
pipe AB, and if it be kept full of water, it will 
raiſe the water in the pipe AB from A to i; 
. WH that is, to a level i 10 with the mouth of the 
pipe at 10: and the upright line @ 10, equal to 
Ji, will be the fine of 10 degrees elevation; 
which being meaſured upon the ſcale S, will be 
about 17.4 of ſuch parts as the pipe contains 
100 in length: and therefore, the force or preſ- 
fure of the water at 4, in the pipe A 10, will 
be to the force or preſſure at A in the pipe AB, 


p- 817.4 to IOO. 

p, Let the ſame pipe be elevated to 20 degrees 
ed Wh i the quadrant, and if it be kept full of water, 
je- WW part of that water will run into the pipe AB, 
ot WH ad riſe therein to the height Ak, which is 
en WY equal to the length of the upright line & 20, or 


bthe ſine of 20 degrees elevation; which, be- 
kg meaſured upon the ſcale &, will be 34.2 of 
ach parts as the pipe contains 100 in length. 
And therefore, the preſſure of the water at 4, 
n the full pipe 4 20, will be to its preſſure, if 
lat pipe were raiſed to the perpendicular ſitua- 


the Wen 4B, as 34.2 to 100. 

fure Elevate the pipe to the poſition A 30 on the 
ngle adrant, and if it be ſupplied with water, the 
; by rer will rife from it, into the pipe AB, to 


be height 47, or to the ſame level with the 


geh {ſouth of the pipe at 30. The ſine of this ele- 
pipe uon, or of the angle of 30 degrees, is c 30; 
ſcale lich is juſt equal to half the length of the pipe, 


to 5; of ſuch parts of the ſcale, as the length 
the Pipe contains 100. Therefore, the preſ- 
-qual e of the water at A, in a pipe elevated 30 


0 One half of what it would be, if the ſame pipe 
0 upright in the ſituation AB. 
| | K And 


trees above the horizontal level, will be equal . 
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And thus, by elevating the pipe tO 40, 50, 
60, 70, and 80 degrees on the quadrant, the 
ſines of theſe elevations will be 4 40, e 50, f bo, 
g 70, and h 80; which will be equal to the 
heights Am, An, Ao, Ap, and Ag: and theſe 
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dine of | Parts. || Sine of Parts. |j Sine of | Parts | 
D.1 | 17 ||D.31 | 515 ||D.61 | 875 | 
2 | 35 j| 32 530 || 62 | 883 
3] 52] 33| 545 [63891 
4| 70 || 34 | 559 | 64 | 899 
5| 87 || 35 | 573 || $5 | 906 
6 | 104 || 36 | 588 66 | 913 
7 | 122 37 | 602 67 920 | 
| 8 | 139 | 38 | 616 || 68 | 927 
| 9| 156 || 39 | 629 || 69 | 934 
I0 | 174 || 40 | 643 || 70 | 940 
11 | 191 || 41 | 6566 | 71 | 945 
| 12 | 208 }| 42 | 669 72 | 951 
13 | 225 | 43 | 682 | 73 | 956 
| 14 | 242 | 44 | 695 | 74 | 961 
is | 259 || 45 | 707 | 75 | 966 
16 {| 276 | 46 | 719 || 76 | 970 
17 | 292 47 | 731 77 974 
18 309 48 | 743 || 78 | 978 
19 325 || 49 | 755 j| 79 | 982 
20 | 342 || 50 | 766 | 80 | 985 
21 | 358 | 51 | 777 || 81 | 988} 
23 376 | 52 | 788 82 | 990 
| 23 391 | 53 | 799 || $3 | 992 
24 | 407 | 54 | 809 84 | 994 
| 25 | 42 55 | Sig || Bg 996 
26 | 438 56 | 829 || 86 | 997 
27 | 454 | 57 | 839 | 87 | 99 
28469 58 | 848 | 88 | 999 
| 29 | 485 | 59 | 857 | $9 [1999] 
C_30 | 500 | 60 | 866 | go 119027 
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heights meaſured upon the ſcale & will be 


A 64.3 76.6, 86.6, 94.0, and 98.5; which ex- 
60, pres the preſſures at A in all theſe elevations, 
he conſidering the preſſure in the upright pipe AB 


3 100. 

Becauſe it may be of uſe to have the lengths 
of all the fines of a quadrant from o degrees 
to go, we have given the foregoing table, ſhew- 
ng the length of the ſine of every degree in 
ſuch parts as the whole pipe (equal to the radius 
of the quadrant) contains 1000. Then the ſines 
jill be integral or whole parts in length. But 
you ſuppoſe the length of the pipe to be di- 
nded only into 100 equal parts, the laſt figure 
of each part or ſine muſt be cut off as a decimal ; 
ad then thoſe which remain at the left hand 
of this ſeparation will be integral or whole 


Thus, if the radius of the quadrant (ſup- 
poſed to be equal to the length of the pipe AC) 
be divided into 1000 equal parts, and the ele- 
ration be 4.5 degrees, the ſine of that elevation 


| 

| 

F vil be equal to 707 of theſe parts: but if the 
p adius be divided only into 100 equal parts, the 
4 ame fine will be only 70.7 or 7077; of theſe 
4 parts, For, as 1000 1s to 707, ſo is 100 to 

70.7. | 

; As it is of great importance to all engine- 
makers, to know what quantity and weight of 
of Water will be contained in an upright round 
j* pe of a given diameter and height; ſo as by 
# owing what weight is to be raiſed, they may 
. 7 Proportion their engines to the force which 


bey can afford to work them; we ſhall ſubjoin 
ables ſhewing the number of cubic inches of 
"ter contained in an upright pipe of a round 
» of any diameter from one inch to ſix and 

K 2 a half; 
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a half; and of any height from one foot to two 
hundred: together with the weight of the faid 
number of cubic inches, both in troy and avoir. 
dupoiſe ounces. Fhe number of cubic inches 
divided by 231, will reduce the water to gallons 
in wine meaſure ; and divided by 282, will re- 
duce it to the meaſure of ale gallons. Alſo, 
the troy ounces divided by 12, will reduce the 
weight to troy pounds: and the avoirdupoiſe 
ounces divided by 16, will reduce the weight to 
ayoirdupoiſe pounds. | 

And here I muſt + * it again, that the 
weight or preflure of the water acting againſt 
the power that works the engine, muſt always 
be eftimated according to the perpendicula 
height to which it is to be raiſed, without any 
regard to the length of the conduct- pipe, when 
it has an oblique poſition ; and as if the diame- 
ter of that pipe were juft equal to the diameter 
of that part of the pump in which the piſton 
works. Thus, by the following tables, the 
preſſure of the water, againſt an engine whoſe 
pump is of a 4+ inch bore, and the perpendicu- 
lar height of the water in the conduct-pipe 5 
go feet, will be equal to 8057.5 troy ounces, and 
to 8848.2 avoirdupoiſe ounces ; which make 
671.4 troy pounds, and 5553 avoirdupoile. 

For any bore whoſe diameter exceeds by 
inches, multiply the numbers on the following 
page, againſt any height (belonging to 1 inc 


diameter) by the ſquare of the diameter of ql Exam 
given bore, and the products will be the num 17 7 
der of cubic inches, troy ounces, and avoirdy Here 

cim. 


poiſe ounces of water, that the given bote rap 
. tO the 
diviſio 
wine 

. 2590 
to 213 
poiſe. 


1 [nc 
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| | 1 Inch diameter. 4 
| I Quantity Weight | In avoir- 
Ein cubic in troy | dupoiſe 
| oz; inches. | ounces. | ounces. 
1 | 
| | 1 
1 9.42 4.97 5.46 
7 11.85 9.95 10.92 
Be. 28.27 14.92 16.38 
| 4| 37-70| 19.89] 2185 
I. $1. 47-12 24.87 27.31 
Ed a 
6 $56.55 | 29.84 32.77 
| 7 {| 65.97 | 34.82 38.23 
| $$] 75.49 | 39-79 43.69 
1 9 84.82 44.7 49.16 
1 9425 49-14 54.62 
20 i 188.49 | 99.48 109.24 
30 | 282.74 | 149-21 | 163.86 
40 | 376.99 | 198.95 |} 218.47 
50 | 471.24 | 248.69 | 273.09 
bo 565.49 | 298.43 | 327-71 
| 70 | 659.73 | 348.17 | 382.33 
80 | 753-98 | 397-90 | 436.95 
go | 848.23 | 447.64 | 491.57 
100 | 942.48 | 497.38 | 546.19. 
| 200 1884.96 994.76 1092.38 


ExA Mr, Required the number of cubic inches, and ihe 
Weight of the ava'er, in au upright pipe 278 feet high, and 


15 mch diameter? 
Here the neareſt ſingle Cubic Troy Avoird. 
Feet inches oz. OZ, 


decimal figure is only taken 
2CO0-4241.1-2238. 22457. 8 


into the account: and the 
whole being reduced by 70-1 484-4- 783.3> 860.2 
8 169.6= 89.5- 98.3 


Civifion, amounts to 251 

wine gallons in meaſure; — 
W 259x pounds troy, and Anſ. 278-5895. 1-3 111.0-416. 3 
to 2134 pounds avoirdu-' — — 
poiſe, | 


K 3 Theſe 
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ws, 14 Inch diameter. 7 
3 Quantity] Weight In avoir- 
in cubic | in troy -| dupoiſe 
0 inches. | ounces. | ounces. 
tj A3.21-j 21.19 12.29 
2 42.41 22.38 24.58 
363.62 33.57 | 36.87 
4 84.82 44.76 49.16 
5 | 106.03 55.95 61.45 
6 | 127.23 67.15 73.73 
* 1 -147-44 } 79.44 86.02 
8 | 169.65 | 89.53 | 98.31 
9 } 190.85 | 100.72 | 110:60 
10 | 212.06 111.91 | 122.89 
20 | 424.12 223.82 2445.78 
30 | 636.17 | 335-73 | 368.68 | 
40 | 848.23 | 447.64 | 491.57 
50 1060.29 559.55 | 614.46 
60 [1272.35 | 671.46 | 737-35 
70 [1484.40 | 783.37 $60.24 
80 1696.46 | 895.28 | 983.14 
go 1908.52 1007.19 | 1106.03 
100 [2 20.58 1119 10 | 1228.92 
200 [42115 2238.20 2457-84 


Theſe tables were at firſt calculated to fx 
decimal places for the ſake of exact neſs: but 
in tranſcribing them there are no more than 
two decimal figures taken into the account, and 


ſometimes but one; becauſe there is no n 
or 
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Þ 2 Inches diameter. 
5 Quantity | Weight | In avoir- 
> | in cubic | in troy | dupoiſe | 
S. | inches. | ounces. | ounces. | 
1 37.7 19.89 21.85 
2 | 75-49 | 39-79 | 43-69 
3 | 113-10. 59.68 65.54 
4 | 150.80 79.58 | 87.39 
1 £5 | 188.50 99.47 | 109.24 
6 | 226.19 | 119.37 | 131.08 
| 7 | 263.89 | 139.26 | 152.93 
8 | 301.59 | 159.16 | 174.78 
9 | 339-29 | 179.06 | 196.63 
| 10 | 376.99 | 198.95 | 218.47 | 
20 | 753-98 | 397-90 | 436.95 
30 1130.97] 596.85 | 655.42 
40 | 1507.97 | 795.80 | 873.90 
50 1884.96 | 994.75 | 1092.37 
60 | 2261.95 1193.70 [1310.85 
70 2638.94 1392.65 1529.32 
80 3015.93 [1591.60 1747.80 
90 3392.92 1790. 56 | 1966.27 
100 3769.91 | 1989.51 [2184.75 
| 200 | 7539-82 | 3979-00 14369-50 | 
- for computing to hundredth parts of an inch or 
* of an ounce in practice. And as they never 
* appeared in print before, it may not be amiſs 
0 to give the reader an account of the principles 
Fir upon which they were conſtructed. 
for K 4 The 
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21 Inches diameter. | 
/ | 7 
5 | Quantity | Weight | In avoir- 
> | in cubic | in troy | dupoiſe 
S. | inches. | ounces. | ounces, 
r | 58.90 | 31.08 34.14 
2 | 117.81 62.17 68.27 | 
3 | 176.71 93-26 | 102.41 
4 | 235.62 | 124.34 | 136.55 
5 | 294-52 | 155.43 | 170.68 
6 | 353-43 | 186.52 | 204.82 
7 | 412.33 | 217.60 | 238.96 
8 | 471.24 | 248.69 | 273.05 
9 | 530.14 | 279.77 | 307.23 
10 | 589.05 310.86 341.37 
20 1178.10] 621.72 | 682.73 
30 1767.15 932.58 | 1024.10 
40 2356.20 1243.44 [1365.47 
50 2545.25 1554.30 [1706.83 
. 60 3534.29 1865.16 2048. 20 
70 | 4123.34 2176.02 2389.57 
80 4712.39 2486.88 [2730.94 | 
| 99 | $391.44|2797.74 3072.30 
| 10O | 5890.49 3108.60 [| 2413.67 | 
200 [11780.98 | 6217.20 [4827.34 


The ſolidity of cylinders are found by mul- 
tiplying the areas of their baſes by their alti- 
tudes. And ARCHIMEDEsS gives the following 
proportion for finding the area of a circle, and 


the ſolidity of a cylinder raiſed upon that * ; 


. | 5 

1 1 
39 1 

| h 


3 

5 Quantity] Weight | In avoir- 

in cubic | in troy | dupoiſe 

G. — ounces. | ounces. 

14 84.8 44.76] 49.16 

2 169.6 89.53 98.31 

31 23545 } 134-29 | 147-47 

| 4| 239-3 | 179.06 | 196.63 

5 | 424-1 | 223.82 | 245.78 

6 508.9] 268.58 | 294.94 

71 393.7 313-35 | 344-10 

8 698.6 | 358.11 | 393.25 

9 | 763.4 | 492.87 | 442-41 

10 | 848.2 | 447.64 | 491.57 

| 20 1696.5 895.28 | 983.14 

30 | 2544.7 |1342.92 | 1474-70 

| 40 | 3392.9 1790.56 1966.27 

„50 | 4241.1 [2238.19 [2457.84 

60 | 5089.4 2685.83 [2949.41 

2 5937-6 [3133.47 3440.98 

80 | 6785.8 [3581.11 [3932.55 

$0 | 7634.1 [4028.75 [4424.12 

| 100 | 8482.3 [4476.39 | 4915.68 

1 200 6964.6 [8952.78 9831.30 
* As 1 is to o. 78 5399, fo is the ſquare of the 
alu. diameter to the area of the circle. And as 1 is 
7 0 0.785399, ſo is the ſquare of the diameter 
, roy multiplied by the height to the ſolidity of the 
10%, Pinder. By this analogy the ſolid inches and 


parts 
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3 32 Inches diameter. 
3 | Quantity | Weight In avoir- 
in cubic | in troy | dupoiſe 
S. inches. | ounces. | ounces, 
"2 115.4 60.99 66.9 
2 230.9 121.8 133.8 
5 346.4 182.8 200.7 
4 | 461.8 243.7 267.6 
5 577.3] 304.6 3345 
6 692.7 365.6 | 401.4 
7 808.2 426.5 468.4 
8 | 923.6 487.4] 535.3 
9 | 1039.1 548.4 602.2 
IO | 1154.5 609.3 669.1 
20 | 2309.1 | 1218.6 | 1338.2 
30 | 3463.6 | 1827.9 | 2007.2 
40 | 4618.1 | 2437.1 | 2676.3 
50 | 5772.7 | 3046.4 | 3345-4 
60 | 6927.2 | 3655.7 | 4014-5 
70 | 8081.8 | 4265.0 | 4683.6 
80 | 9236.3 | 4874.3 | 5352.6 
90 | 10390.8 | 5483.6 | 6021.7 
100 [11545.4 | 6092.9 | 6690.8 
200 | 23090.7 [1218.7 13381. 


parts of an inch in the tables are calculated to 2 
cylinder 200 feet high, of any diameter from! 
inch to 62, and may be continued at pleaſure. 

And as to the weight of a cubic foot of running 


water, it has been often found upon rial, I 
T. 


Hydroſtatical Tables. 


—_ 


4 Inches diameter. 
3 Quantity | Weight | In avoir- 
= | in cubic | in troy | dupoiſe | 
. inches. | ounces. | ounces. 
r | 150.8 79.6 | 87.4 
2 | 3016 159.2 174.8 
31 452-4 j 238.7 262.2 
F 
5 754.0] 397-9] 436.9 
5904.8 477.5] $243. 
7 | 1055.6 $57.1 611.7 
8 | 1206.4 | 636.6 | 699.1 
9 | 1367-2 | 716.2 786.5 
| 10 | 1508.0 795.8 873.9 
20 | 3115.9 | 1591.6 | 1747.8 
30 | 4523.9 | 2387.4 | 2621.7 
40 | 6031.9 | 3183.2 3495.6 
50 | 7539-8 | 3997-9 | 4369.5 
bo | 9047.8 | 4774-8 | 5243-4 
70 10555. 8 | 5570.6 | 6117.3 
80 | 12063.7 | 6366.4 | 6991.2 
99 | 13971.7 | 7162.2 | 7865.1 
100 | 15079.7 | 7958.0 8739.0 
200 [30159.3 | 15916.0 |17478.0. 


Dr. Wyberd and others, to be 76 pounds 

my, which is equal to 62.5 pounds avoirdu- The 

poiſe, Therefore, ſince there are 1728 cubic weight of 

aches in a cubic foot, a troy ounce of water 1 

contains 1.8949 cubic inch; and an avoirdupoiſe * 
ounce 
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* 41 Inches diameter. 
5 Quantity | Weight | In avoir- 
g. | in cubic | in troy | dupoiſe 
. inches. | ounces. | ounces, 
17 
EY 190.8 100.7 110.6 
2 381.7 201.4 221.2 
3 572.6 302.2 331.8 
41 763.4 402.9 442.4 
5 954.3] 503.6] $530 
6 | 1146.1 604.3 663.6 
ſ 4-1. TID 705. o 774.2 
8 1526.8 | $05.7 384.8 
9 | 1717.7 906.5 995-4 
| 10 | 1908.5 | 1007.2 | 1106.0 
20 3817.0 | 2014.4 | 2212.1 
30 | 5725.6 | 3021.6 | 3818.1 
40 |. 7634.1 | 4028.7 | 44241 
50 | 9542.6 | 5035.9 | 5530-1 
bo | 11451.1 | 6043.1 | 6636.2 
70 [13359.6 | 7050.3 | 7742-2 
80 15268.2 8057.5 | 8848.2 
| 92 [17176.7 | 9064.7 | 9954-3 
| 100 | 19085.2 |10071.9 | 11060.3 
200 | 38170.4 | 20143.8 | 22120.6 


ounce of water 1.72556 cubic inch. Conſe 
quently, if the number of cubic inches con 
tained in any given cylinder, be divided d 
1.8949, it will give the weight in troy ounce? 
and divided by 1,72556, will give the 


Hydroftatical Tables. 


5 Inches diameter, 


| 


— 


* — — 


27 399-3 


5 Quantity | Weight | In avoir- 
> | in cubic | introy | dupoiſe 
S. | inches. | ounces. | ounces. | 
I 235.6 124.3 136.5 
2 471.2 248.7 273.1 
3 706.6 373.0 409.6 
4 | 942.5 | 497-4 | $46.2 
5 | 1178.1 621.7 682.7 
6 | 1413.7.] 746.1 819.3 
7 | 1649.3 | 870.4 955.8 
8 | 1885.0 994.8 | 1092.4. 
9 | 2120.6 | 1119.1 | 1228.9 | 
10 | 2356.2 | 1243.4 | 1365.5 
20 4712.4 | 2486.9 | 2730.9 
30 | 7068.6 | 3730.3 | 4096.4 
40 | 9424.8 | 4973.8 | 5461.9 
co |11780.0 | 6217.2 | 6827.3 
bo | 14137.2 | 7460.6 | 8192.8 
70 |16493.4 | 8704.1 | 9558.3 
80 [18849.6 | 9947.5 | 10923.7 
go |21205.8 |11191.0 | 12289.2 
100 |23562.0 [12434.4 | 13654.7 
200 [|47124.0 |24868.8 


| 


in avoirdupoiſe ounces. By this method, the 
weights ſhewn in the tables were calculated; and 
ue near enough for any common practice. 
The fire-engine comes next in order to be ex- The - 
plained; but as it would be difficult, even of engines 
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144  Hydroftatical Tables. 
| 51 Inches diameter. wg 
5 Quantity | Weight | In avoir- 
in cubic | in troy | dupoiſe 1 
S. | inches. | ounces. | ounces, 
"4 285.1 1 50. 5 164.3 
2 570.2 300.9 328.5 
3 $55:3] 451-4 | 492.8 
4 | 1140.4 | 601.8 657.1 
5 | 1425.5 752.3 821.3 
6 | 1710.6 | 902.7 985.6 
| - 7 | 2995-7 | 1053-2. 1149.9 | 
8 | 2280.8 | 1203.6 | 1314.2 | 
9 | 2565.9 | 1354-1 | 1478.4 
10 | 2851.0 | 1504.6 | 1642.7 
20 | 5702.0 3009.1 3285.4 
30 | 8553-0 | 4513.7 | 4928.1 
40 | 11404.0 | 6018.2 | 6570.8 
50 [14255.0 | 7522.8 | 8213.5 
bo |17106.0 | 9027.4 | 9850.2 
70 | 19957.0 | 10531.9 | 11498.9 
80 | 22808.0 |12036.5 | 13141.6 
90 | 25659.0 [13541.1 | 14784.3 
100 |28510.0 | 15045.6 | 16426.9 
200 oO. o | 30091.2 32853.9 


the beſt plates, to give a particular deſcription of 


its ſeveral parts, ſo as to make the whole intel- 3 
ligible, I thall only explain the principles upon ficl P 

— . * en 
which it is conſtructed. forcir 


1, What- 


an? Hydrdſtatical Tables. 


b Inches diameter. 
5 Quantity Weight | In avoir- | 
2. | in cubic | in troy | dupoiſe 
S. inches. | ounces. | ounces. 
— . 
11 339.3 179.1 196.6 
2 678.6 358.1 393.3 
3 | 1077.9 537.2 $39.9 
4 | 1357-2 716.2 | 786.5 
5 | 1696.5 895.3 983.1 
6 | 2035.7 | 1074.3 | 1179.8 
7 | 2375-0 | 1253-4 | 1376.4 | 
8 | 2714.3 | 1432.4 | 1573-0 
9 | 3053.6 | 1611.5 | 1769.6 
10 | 3392.9 | 1790.6 | 1966.3 
20 | 6785.8 | 3581.1 | 3932-5 | 
30 |10178.8 | 5371.7 | 5898.8 
40 |13571.7 | 7162.2 | 7865.1 | 
50 | 16964.6 | 8952.8 | 9831.4 
60 | 20357.5 | 10743.3 | 11797.6 | 
70 |23750.5 |12533-9 |13763.9 
80 | 24143.7 143 24.4 15730.2 
go | 30536.3 |16115.0 | 17696.5 
100 | 33929.2 | 17905.6 | 19662.7 
200 | 67858.4 | 35811.2 3932-4 


1. Whatever weight of water is to be raiſed, 
the pump-rod muſt be loaded with weights ſuf- 
ficient Br that purpoſe, if it be done by a 
forcing pump, as is generally the caſe; and the 
power 
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6+ Inches diameter. 
- | uantity | Weight In avoi'” 
2. | in cubie | in troy | dupoiſe 
S. | inches. | ounces, ounces. 
I 398.2 210.1 230.7 
2 | 797.4 | 420.3 | 461.4 
3 | 1195.6] 630.4 692.1 
4 | 1593.8 840.6 922.8 
5 | 1991.9 | 1050.8 | 1153.6 
6 | 2399.1 | 1260.9 | 1384.3 
7 | 2788.3 | 1471.1 | 1615.0 
8 | 3186.5 | 1681.2 | 1845.7 
9 | 3584.7 | 1891.3 | 2076.4 
10 | 3982.9 | 2101.5 | 2307.1 
B24 * | 
20 | 7965.8 | 4202.9 | 4614.3 
30 [11948.8 | 6304.4 | 6921.4 
40 |15931.7 405.9 | 9228.6 
50 | 19914.6 | 10507.4 | 11535.7 
60 | 23897.9 | 12608.9 | 13842.9 
70 |27880.5 | 14710.4 |16150.0 
80 | 31863.4 | 16811.8 |18457.2 
90 | 35546.3 | 18913.3 |20764.3] 
100 | 39829.3 |21014.8 |23071.5 
200 |[79658.6 | 42029.6 | 4614.0 | 


to 15 pounds upon every ſquare inch. 


power of the engine muſt be ſufficient for the 


weight of the rod, in order to bring it up. 
2. It is known, that the atmoſphere preſſes 
upon the ſurface of the earth with a force equi 


3. When 


Of Hydraulic Engines. 


3. When water is heated to a certain degree, 
the particles thereof repel one another, and con- 
ſtitute an elaſtic fluid, which is generally called 
fleam or Vapour. 

4. Hot ſteam is very elaſtic; and when it is 
cooled by any means, particularly by its being 
mixed with cold water, its elaſticity is deſtroyed 
immediately, and it is reduced to water again. 

5. If a veſſel be filled with hot ſteam, and 
then cloſed, ſo as to keep out the external air, 
and all other fluids; when that ſteam is by any 
means condenſed, cooled, or reduced to water, 
that water will fall to the bottom of the veſſel; 
ad the cavity of the veſſel will be almoſt a per- 
ect vacuum. 

b. Whenever a vacuum is made in any veſſel, 
the air by its weight will endeavour to ruſh into 
the veſſel, or to drive in any other body that 
wil give way to its preſſure; as may be eaſily 
ken by a common ſyringe. For, if you ſtop 
the bottom of a ſyringe, and then draw up the 
piſton, if it be ſo tight as to drive out all the air 
before it, and leave a vacuum within the ſyringe, 
the piſton being let go will be driven down with a 
great force. . 

7. The force with which the piſton is driven 
down, when there is a vacuum under it, will be 
s the ſquare of the diameter of the bore in the 
fringe, That is to ſay, it will be driven down 
wth four times as much force in a ſyringe of a 
two inch bore, as in a ſyringe of one inch: for 
the areas of circles are always as the ſquares of 
tieir diameters. 

8. The preſſure of the atmoſphere being 
equal to 15 pounds upon a ſquare inch, it 
ml be almoſt equal to 12 pounds upon a cir- 
War inch, So that if the bore of the ſyringe 
L be 
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be round, and one inch in diameter, the piſton 
will be preſt down into it by a force nearly equal 
to 12 pounds: but if the bore be two inches 
diameter, the piſton will be preſt down with four 
times that force. 

And hence it is eafy to find with what force 
the atmoſphere preſſes upon any given number 
either of ſquare or circular inches. 

Theſe being the principles upon which this 
engine is conſtructed, we ſhall next deſcribe the 
chief working parts of it: which are, 1. A 
botler. 2. A cylinder and piſton. 3. A beam 
or lever. 

The boiler is a large veſſel made of iron or 
copper; and commonly ſo big as to contain 
about 2000 gallons. t 

The cylinder is about 40 inches diameter, bored 
fo ſmooth, andits leathered piſton fitting ſo cloſe, 
that littte or no water can get between the piſton 
and ſides of the cylinder. | 

Things being thus prepared, the cylinder 1s 
placed upright, and the ſhank of the piſton is 
fixed to one end of the beam, which turns 0n 3 
center hke a common balance. ; 

The boiler is placed under the cylinder, with 
2 communication between them, which can be 
opened and ſhut occaſionally. 

The boiler is filled about half full of water, 
and a ſtrong fire is placed under it: then, if 
communication between the boiler and the Cy- 
linder be opened, the cylinder will be filled with 
hot ſteam; which would drive the piſton quit 
out at the top of it. But there is a contrivan® 
by which the beam, when the piſton is near the 
top of the cylinder, ſhuts the communication ® 
the top of the boiler within, This 


makin 
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This is no ſooner ſhut, than another is opened, 


ual by which a little cold warer is thrown upward 
hes n a jet into the cylinder, which mixing with the 
Our hot ſteam, condenſes it immediately; by which 
means a vacuum 1s made in the cylinder, and 
rce the piſton is preſſed down by the weight of the 
ber WH iimoſphere; and fo lifts up the loaded pump- 
od at the other end of the beam. 
this If the cylinder be 42 inches in diameter, the 
the nſton will be preſſed down with a force greater 
An 20000 pounds, and will conſequently lift 
cam p that weight at the oppoſite end of the beam: 
nd as the pump- rod with its plunger is fixed to 
| Of tar end, if the bore where the plunger works 
tain WW were 10 inches diameter, the water would be 
breed up through a pipe of 180 yards perpen- 
ored Wl ticular height. 
loſe, But, as the parts of this engine have a good 


deal of friction, and muſt work with a con- 
; iderable velocity, and there is no ſuch thing as 
ler 3 making a perfect vacuum in the cylinder, it is 
on = fund that no more than 8 pounds of preſſure 
on 2 8 muſt be allowed for, on every circular inch of 

; tne piſton in the cylinder, that it may make 
wich Bi about 16 ſtrokes in a minute, about 6 feet 
n be each. | | 

Where the boiler is very large, the piſton will 
make between 20 and 25 ſtrokes in a minute, 
ad each ſtroke 7 or 8 feet; which, in a pun 
of 9 inches bore, will raiſe upward of 300 og. 
heads of water in an hour. 
lt is found by experience that a cylinder, 40 
nches diameter, will work a pump 10 inches 
Uameter, and 100 yards long: and hence we 
an find the diameter and length of a pump, 
lat can be worked by any other cylinder. 

L 2 


For 
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For the convenience of thoſe who would 
make uſe of this engine fer raiſing water, we 
ſhall ſubjoin part of a table calculated by Mr. 
Beighton, ſhewing how any given quantity of 
water may be raiſed in an hour, from 48 to 409 
hogſheads; at any given depth, from 15 to 100 
yards; the machine working at the rate of 16 
ſtrokes per minute, and each ſtroke being 6 feet 
long. 

One example of the uſe of this table wil 
make the whole plain. Suppoſe it were required 
to draw 100 hogſheads per hour, at 90 yard; 
depth: in the ſecond column from the right 
hand, I find the neareſt number, viz. 149 hog 
heads 40 gallons, againſt which, on the right 
hand, I find the diameter of the bore of the pump 
muſt be 7 inches; and in the ſame collateral line, 
under the given depth go, I find 27 inches, the 
diameter of the cylinder fit for that purpoſe.— 
And ſo for any other, 
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Plate 
XIII. 
The 


Perſian 
wheel. 
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Water may be raiſed by means of a ſtream 
AB turning a wheel CDE, according to the 
order of the letters, with buckets a, a, a, a, &c, 
hung upon the wheel by ſtrong pins 6, 5, 5, J, 
&c. fixed in the fide of the rim: but the wheel 
muſt be made as high as the water is intended to 
be raiſed above the level of that part of the 
ſtream in which the wheel 1s. placed. As the 
wheel turns, the buckets on the right-hand 
down into the water, and are filled therewith, and 
go up full on the left hand, until they come to 
the top at K; where they ſtrike againſt the end 
# of the fixed trough M, and are thereby over- 
ſet, and empty the water into the trough; from 
which it may be conveyed in pipes to the place 
which it is deſigned for: and as each bucket gets 
over the trough, it falls into a perpendicular po- 
ſition again, and goes down empty, until it comes 
to the water at 4, where it 1s filled as before, 
On each bucket 1s a ſpring r, which goes over 
the top or crown of the bar m (fixed to the 
trough M) raiſes the bottom of the bucket above 
the level of its mouth, and ſo cauſes it to empty 


all its water into the trough. 


Sometimes this wheel 1s made to raiſe water 
no higher than its axle; and then, inſtead of 
buckets hung upon it, its ſpokes C, d, e, f, $6, 
are made of a bent form, and hollow within; 
theſe hollows opening into the holes C, D, E, I 
in the outſide of the wheel, and alſo into thoſe 
at O in the box N upon the axle. So that, 25 
the holes C, D, &c. dip into the water, it runs 
into them; and as the wheel turns, the water 
riſes in the hollow ſpokes, c, d, &c. and runs 
out in a ſtream P from the holes at O, and fall 
into the trough Q, from whence it is conveyed 


by pipes. And this is a very eaſy way of railing 


water, 


tub © 
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water, becauſe the engine requires, no animal 
wer to turn it. 


cHIMEDES; of which we have the following 


he Wl account: . 5 a 

he Hiero, king of Syracuſe, having employed a 
70 ooldſmith to make a crown, and given him a 
n4 maß of pure gold for that purpoſe, ſuſpected 
o chat the workman had kept back part of the 
nd Wl gold for his own uſe, and made up the weight 
er- by allaying the crown with copper. But the 
m king, not knowing how to find out the truth of 
100 that matter, referred it to Archimedes; who 
etz having ſtudied a long time in vain, found it out 
o. Wl = laſt by chance. For, going into a bathing- 


tub of water, and obſerving that he thereby 
raiſed the waver higher in the tub than it was 
before, he concluded 1nſtantly that he had raiſed 


the it juſt as high as any thing elſe could have done, 
Ove that was exactly of his bulk: and conſideri 
pty that any other body of equal weight, and of leff 
bulk than himſelf, could not have raiſed the 
ater vater ſo high as he did; he immediately told 
| of the king, that he had found a method by which 


be could diſcover whether there were any cheat 
un; in the crown, For, ſince gold is the heavieſt 
„ of all known metals, it muſt be of leſs bulk, 
hoſe WM according to its weight, than any other metal, 
„And therefore he deſired that a maſs of pure 
runs Wl gold, equally heavy with the crown when 
ater veighed in air, ſhould be weighed againſt it 
runs in water; and if the crown was not allayed, 
it would counterpoiſe the maſs of gold when 
they were both immerſed in water, as well as it 
dd when they were weighed in air. But upon 

L 4 making 
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The art of weighing different bodies in water, Of the 
and thereby finding their ſpecific gravities, or ſpecific 


gravities 


weights, bulk for bulk, was invented by AR- of bodice, 
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making the trial, he found that the maſs of gold 
weighed much heavier in water than the crown 
did. And not only ſo, but that, when the maſ 
and crown were immerſed ſeparately in one veſ. 
ſel of water, the crown raiſed the water much 
higher than the maſs did; which ſhewed it to be 
allayed with ſome lighter metal that increaſed its 
bulk. And ſo, by making trials with different 
metals, all equally heavy with the crown when 
weighed in air, he found out the quantity of alloy 
in the crown. 

The ſpecific gravities of bodies are as theit 
weights, bulk for bulk; thus a body is ſaid to have 
two or three times the ſpecific gravity of another, 


when it contains two or three times as much 


matter in the ſame ſpace. 

A body immerſed in a fluid will ſink to the 
bottom, if it be heavier than its bulk of the fluid. 
If it be ſuſpended therein, it will loſe as much of 
what 1s weighed in air, as its bulk of the flud 
weighs. Hence, all bodies of equal bulks, which 
would fink in fluids, loſe equal weights when 
ſuſpended therein. And unequal bodies loſe n 
proportion to their bulks. 

The hydroſtatic balance differs very lite 
from a common balance that is nicely mace: 
only it has a hook at the bottom of each ſcale, 
on which ſmall weights may be hung by horte. 
hairs, or by ſilk threads. So that a body, {ul 
pended by the hair or thread, may be immerſed 
4 water without wetting the ſcale from which! 

angs. . 

If the body thus ſuſpended under the ſcale 

at one end of the balance, be firſt counterpoiſed 


gravity of in air by weights in the oppoſite ſcale, and then 


any body, immerſed into water, the equilibrium will be im- 


mediately deſtroyed. Then, if as nuch . 
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be put into the ſcale from which the body hangs, 
25 will reſtore the equilibrium (without altering 
the weights in the oppoſite ſcale) that weight, 
which reſtores the equilibrium, will be equal to 
the weight of a quantity of water as big as the 
immerſed body. And if the weight of the body 
in air be divided by what it loſes in water, the 
quotient will ſhew how much that body is hea- 
vier than its bulk of water. Thus, if a guinea 
ſuſpended in air, be counterbalanced by 129 
grains in the oppoſite ſcale of the balance; and 
then, upon its being immerſed in water, it be- 
comes ſo much lighter, as to require 7 grains 
put into the ſcale over it, to reſtore the equili- 
brium, it ſhews that a quantity of water, of 
equal bulk with the guinea, weighs 7! grains, 
or 7.25; by which divide 129 (the weight of 
the guinea in air) and the, quotient will be 
17.793 ; which ſhews that the guinea is 17.793 
times as heavy as its bulk of water. And thus, 
any piece of gold may be tried, by weighing it 
firſt in air, and then in water; and if upon 
dividing the weight in air by the loſs in water, 
the quotient comes out to be 17.793, the gold 
s good; if the quotient be 18, or between 18 
and 19, the gold is very fine; but if it be leſs 
than 17, the gold 1s too much allayed, by being 
mixed with ſome other metal. 


It ſilver be tried in this manner, and found 


to be 11 times as heavy as water, it is very 
fine; if it be 10+ times as heavy, it is ſtandard; 
but if it be of any leſs weight compared with 
vater, it is mixed with ſome lighter metal, ſuch 
as tin, 

By this method, the ſpecific gravities of all 
bodies that will fink in water, may be found. 
But as to thoſe which are lighter than water, as 

9 moſt 
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moſt ſorts of wood are, the following method 
may be taken, to ſhew how much lighter they 
are than their reſpective bulks of water. 

Let an upright ſtud be fixed into a thick flat 
piece of braſs, and in this ſtud let a ſmall lever, 
whoſe arms are equally long, turn upon a fine 
Let the thread which hang 

from the ſcale of the balance be tied to one end 

of the lever, and a thread from the body to be 
weighed, tied to the other end. 
put the braſs and lever into a veſſel, then pour 
water into the veſſel, and the body will riſe and 
float upon it, and draw down the end of the 
balance from which it hangs ; then, put as muck 
weight in the oppoſite icale as will raiſe that end 
of the balance, ſo as to pull the body down ir 
the water by means of the lever; and this weight 
in the ſcale will ſhew how much the body 
lighter than its bulk of water. 

There are ſome things which cannot be 
weighed in this manner, ſuch as quickſilyer, 
fragments of diamonds, &c. becauſe they ca- 
not be ſuſpended in threads; and muſt therefore 
be put into a glaſs bucket, hanging by a thread 
from the hook of one ſcale, and counterpoiſed 
by weights put into the oppoſite ſcale. Thus, 
ſuppoſe you want to know the ſpecific gravity 
of quickſilver, with reſpect to that of water; kt 
the empty bucket be firſt counterpoiſed in at, 
and then the quickſilver put into it and weighed. 
Write down the weight of the bucket, and allo 
of the quickſilver ; which done, empty the 
bucket, and let it be immerſed in water as 1 
hangs by the thread, and counterpoiſed therein 
by weights in the oppoſite ſcale : then, pour 

quickſilver into the bucket in the watt, 
which will cauſe it to preponderate ; and put ® 


in as an axis. 


This done, 
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much weight into the opppoſite ſcale as will re- 
fore the balance to an equipoiſe ; and this 
weight will be the weight of a quantity of water 
equal in bulk to the quickſilver. Laſtly, divide 
the weight of the quickſilver in air, by the 
weight of its bulk of water, and the quotient 
will ſhew how much the quickſilver is heavier 
than its bulk of water, 

If a piece of braſs, glaſs, lead, or ſilver, be im- 
merſed and ſuſpended in different ſorts of fluids, 
the different loſſes of weight therein will ſhew 
how much it is heavier than its bulk of the fluid; 
the fluid being lighteſt in which the immerſed 
body loſes leaſt of its aerial weight. A ſolid 
bubble of glaſs is generally uſed for finding the 
ſpecific gravities of fluids. 

Hence we have an eaſy method of finding the 
ſpecific gravities both of ſolids and fluids, with 
regard to their ſpecific bulks of common pump 
water, which is generally made a ſtandard for 
comparing all others by. 

In conſtructing tables of ſpecific gravities with 
xcuracy, the gravity of water muſt be repre- 
ſented by unity or 1.000, where three cyphers 
xe added, to give room for expreſſing the ratios 
of other gravities in decimal parts, as in the 
blowing table. | 

N. B. Although guinea gold has been gene- 
ally reckoned 17.798 times as heavy as its bulk 
of water, yet, by many repeated trials, I cannot 
ay that I have found it to be more than 17.200 


(or 179] as heavy. 
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A Table of the fpecific gravities of ſeveral ſoli 


and fluid bodies. 


— 
_—_— — 


— 9 


"T Troy weight, Avoirdup. | Com 
| A cubic inch of tative 

OZ, pw. gr. oz. drams. weight, 
0 ie gold - [IO 7 3-53 11 5.80 10 by; 
Standard gold - | 9 19 6.44/10 14.90 18.885 
Guinea . -19 7 1. 40180 4.79] 17.793 
Moidore gold 3 - 19.94 9 14.7! 17.140 
[Quick ſilver «7-7-7: ee 1:45 14.019 
Leade [5 19 17.55] 6 9.08 11.325 
Fine filver - 5 16 23.23] 6 E. 600 11.08; 
Standard filver - | 5 11 3.35} & 1.54 10.59% 
Copper - - | 4 13 7.044 5 1.89 8.84 
Plate brals - - | 4 4 9.boſ 4 10.09} S. cod 
Steel -'- - | +. 2-20.12] 4 - 8.70} 7.58 
Iron - - -|4 © 15.20] 4 6.77 76 
Blocktin - -| 3 17 $.68] 4 3.79] 7. 
Spelta - - - | 3 14 12.86] 4 1.42| 7.005 
Lead ore - - | 3 11 17.76| 3 14.96] 6.80 
Glats of antimony | 2 15 16.89] 3 o.8gf 5.2 
German antimony | 2 2 4.80] 2 5.04] 4.0% 
Copper ore = -|2 1 11.83 2 4.43} 3775 
Diamond - - | 1. 15 20.88 x 15.48] 3.4% 
Clear glaſs - I 13 $5.58| x 13.16 3150 
Lapis lazuli 1 12 5$.27] 1 12.27 30% 
Welch aſbeſtos - | 1 10 17.57] x 10.97 2.913 
White marble - | 1 8 13.4i] x 9.06] 2:79 
Black ditto - - | I 8 12.65| x 9.02] 2.7% 
Rock cryſtal -|1 3 1.00] 1 8.61] 2.05 
{Green glaſs -| 1 7 15.38] 1 8.260 2.025 
Cornelian ſtone ( $5 T9 2.509 
{Flint - -|1 © 19.63] x 7.53] 2:59 
Hard paving lone 1 5 22.87] x 6.77] 2-49 
Live ſulphur -|1 1 2.40} x 2.52} 2-00 
Nitre -- | © 0 1.081 1.50% 1 
Alabaſter - - | © 19 18.74 x 1.35 1-575 
Dry ivory - 0 19 6.09 1 o.8g| 1.825 
Brimſtone - | o 18 23.76] 1 0.66 1. 800 
Alum - o 17 21.92] 0 15.72] 1:7! 
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bolt The Table concluded. 

mal Troy weight. | Avoird up | Compa- 
na. A cubic inch of. — tive 
live oz, pw. gr. oz. drams.| weight. 
1ght, — — — 
benny 0 11 18.82] 0 10.3 1.117 
967 Human blood . - | o 11 2.8900 9.74] 1.054 
00 Amber - - - | © 10 20.79] © 9:54 1.030 
boss milk o 10 20.79] © 9.54 1.030, 
/-149) ikea water - | 10 20.79] © 9.54 1.030 
4-019 Pump water - | © 10 13.30] © 9.26] 1.000 
boring water o 10 12.94 © 9.25] 0.999 
1.08] Diſtilled water - | oO 10 11,42] © 9.20] 0.993 
1 | Red wine --| © 10 11.42] © 9.20] 0.993 
; 9 Oil of amber | o 10 7.63 © 9.060 0.978, 
2 Proof ſpirits o 9 19.73] © 8.62] 0.931 
52 Dry oak [o 9 18.00] © 8.56} 0.925; 
x Olive oil - - | o 9 15.17 0 8.45 0.913 
85 Pure ſpirits -- 9 3.27 © 8.02] o. 860 
| pirit of turpentine] © 9 2.76] © 7.99] 0.864 

Oil of turpentine | o B 8.5%] © 7.33] 0.772 

Dry crabtree - | © 8 1.69] © 7.08] o. 705 

Palſafras wood - | © 5 2.04 © 4.46] 0.482 

„„ 41 1279 © 2.21 0.240] 


Take away the decimal points from the num- iy 
bers in the right-hand column, or (which 1s the 4 
lame) multiply them by 1000, and they will ſhew [ 
how many avoirdupoiſe ounces are contained 1n 
« cubic foot of each body. 

The uſe of the table of ſpecific gravities will How ta 
belt appear by an example. Suppoſe a body to find out 
be compounded of gold and filver, and it is re- the quan- 


quired to find the quantity of each metal in the a” Fn 
compound. tion in q 
Firſt find the ſpecific gravity of the com- metals. I 
pound, by weighing it in air and in water, and } 
dividing its aerial weight by what it loſes there- 1 
of in water, the quotient will ſhew its ſpecific | 


gravity, 
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gravity, or how many times it is heavier than 
its bulk of water. Then, ſybtra& the ſpecific 
gravity of ſilver (found in the table) from tha 
of the compound, and the ſpecific gravity of the 
compound from that of gold; the firſt remainder 
ſhews the bulk of gold, and the latter the bulk 
of filver, in the whole compound: vnd if theſs 
remainders be multiplied by the reſpective ſpe. 
cific gravities, the products will ſhew the pro. 
portion of weights of each metal in the boch. 
Example. 


Suppoſe the ſpecific gravity of the compound. 
ed body be 13 ; that of ſtandard filver (by the nter 
table) is 10.5, and that of gold 19.63 : therefore Aays 
10.5 from 13, remains 2.5, the proportic:al Wl been f 
bulk of the gold; and 13 from 19.63, remains vil m 
6.63 the proportional bulk of filver in the com- Thi 
pound. Then, the firſt remainder 2.5, multi- v the 
plicd by 19.63, the ſpecific gravity of gold, p- tiple 
duces 49.075 for the proportional weight of mu 


. and the laſt remainder 6.63 multiplied 
y 10.5, the ſpecific gravity of ſilver, produces 
69.615 for the proportional weight of ſilver in 
the whole body. So that for every 49.07 ounces 
or pounds of gold, there are 69.6 pounds or 
ounces of filver in the body. 

Hence it is eaſy to know whether any ſuſpect- 
ed metal be genuine, or allayed, or counterfeit; 
by finding how much it is heavier than its bulk 
of water, and comparing the ſame with the 


find, 


ten 1 


differ, it is allayed or counterfeited. 
A cubical inch of good brandy, rum, or other 
proof ſpirits, weighs 235.7 grains : therefore, it 


a true inch cube of any metal weighs 235. Fn 
grains leſs in ſpirits than in air, it ſhews the kube, 
ſpirits are proof. If it loſes leſs of its acrial Bi bulb 


weight 
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xeight in ſpirits, they are above proof; if it loſes 
more, they are under. For, the better the 
prits are, they are the lighter; and the worſe, 
the heavier. All bodies expand with heat, and 
contract with cold, but ſome more and ſome leſs 
than others. And therefore the ſpecific gravities 
of bodies are not preciſely the ſame in ſummer 
t in winter. It has been found, that a cubic 
inch of good brandy is ten grains heavier in win- 
ter than in ſummer ; as much ſpirit of nitre, 20 
grains; Vinegar 6 grains, and ſpring- water 3. 
Hence it is moſt profitable to buy ſpirits in 
winter, and fell them in ſummer, ſince they are 
dways bought and fold by meaſure. It has 
been found, that 32 gallons of ſpirits in winter 
vill make 33 in ſummer. 

The expanſion of all fluids is proportionable 
w the degree of heat; that is, with a double or 
tiple heat a fluid will expand two or three times 
8 much. 


Upon theſe principles depend the conſtruc- The be,. 
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ton of the thermometer, in which the globe or mometer. 


buld, and part of the tube, are filled with a 
find, which, when joined to the barometer, is 
hrits of wine tinged, that it may be more eaſily 
ten in the tube. But when thermometers are 
== by themſelves, quickſilver is generally 
uſed, ; f 

In the thermometer, a ſcale is fitted to the 
be, to ſhew the expanſion of the quickſilver, 
and conſequently the degree of heat. And, as 
Fabrenheit's ſcale is moſt in eſteem at preſent, 1 


ſhall explain the conſtruction and graduation of 


thermometers according to that ſcale. 
Firſt, let the globe or bulb, and part of the 
kube, be filled with a fluid; then immerſe the 


buld in water juſt freezing, or ſnow juſt thaw- 


. ing; 
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ing; and even with that part in the ſcale where deper 
the fluid then ſtands in the tube, place the nun MW Vater 
ber 32, to denote the freezing point : then put 
the bulb under your arm-pit, when your body i ſhip, 
of a moderate degree of heat, ſo that it my For, 
acquire the ſame degree of heat with your ſkin; whict 
and when the fluid has riſen as far as it can hy 
that heat, there place the number 97: then 
divide the ſpace between theſe numbers into 6; 
equal parts, and continue thoſe diviſions both 
above 97 and below 32, and number them a. 
cordingly. 

This may be done in any part of the world; 
for it is found that the freezing point is always 
the ſame in all places, and the heat of the human 
body differs but very little; ſo that the thermo- 


meters made in this manner will agree with one T 
another ; and the heat of ſeveral bodies will be ſom, 
ſhewn by them, and expreſſed by the numbers into 
upon the ſcale, thus: veſl 
Air, in ſevere cold weather, in our climate, and 
from 15 to 25. Air in winter, from 26 to 42. (cal 
Air in ſpring and autumn, from 43 to 53. Air the 
at midſummer, from 65 to 68, Extreme heat eln 
of the ſummer ſun, from 86 to 100. Butter Kh 
juſt melting, 95. Alcohol boils with 174 0 wal 
175. Brandy with 190. Water 212. Oil of | 
turpentine 550. Tin melts with 408, and lezd hel 
with 540. Milk freezes about 30, vinegar 3), ie 
and blood 27. 1 
A body ſpecifically lighter than a fluid vil * 
ſwim upon its ſurface, in ſuch a manner, that 3 os 


quantity of the fluid, equal in bulk with the * 
immerſed part of the body, will be as heavy 4 


the whole body. Hence, the lighter a fluid 15 
the deeper a body Will ſink in it; upon which 12 
depends 16 


* 
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depends the conſtruction of the hydrometer or 
water-pouſe. 


From this we can eaſily find the weight of a How the 
weight of 


ſhip, or any other body that floats in water. 


For, if we multiply the number of cubic feet 4 * 
which are under the ſurface, by 62.5, the number eſtimated. 


of pounds in one cubic foot of freſh water; or by 
64.4, the number of pounds in a cubic foot of 
falt water; the product will be the weight of the 
ſhip, and all that is in it. For, ſince it is the 
weight of the ſhip that diſplaces the water, it muſt 
continue to fink until it has removed as much 
water as is equal to it in weight; and therefore 
the part immerſed muſt be equal in bulk to ſuch 
a portion of the water as is equal to the weight 
of the whole ſhip. 

To prove this by experiment, let a ball of 
ſome light wood, ſuch as fir or pear- tree, be put 
into water contained in a glaſs veſſel; and let the 
veſſel be put into a ſcale at one end of a balance, 
and counterpoiſed by weights in the oppoſite 
lcale : then, marking the height of the water in 
the veſſel, take out the ball; and fill up the veſ- 
ſel with water to the ſame height that it flood at 
when the ball was in it; and the ſame weight 
wil counterpoiſe it as before. 

From the veſſel's being filled up to the ſame 
height at which the water ſtood when the ball 
Was in it, it is evident that the quantity poured 
in is equal in magnitude to the immerſed part 
of the ball: and from the ſame weight counter- 
poiſing, it is plain that the water poured in, is 
equal in weight to the whole ball. x 

In troy weight, 24 grains make a penny- 
weight, 20 penny weights make one ounce, and 
12 ounces a pound, In avoirdupoiſe weight, 
16 drams make an ounce, and 16 ounces a 

M pound. 
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pound. The troy pound contains 5760 grain 
and the avoirdupoiſe pound 7000 ; and hence, 
the avoirdupoiſe dram weighs 27.34375 grains, 
and the avoirdupoiſe ounce 437.5. 

Becauſe it is often of uſe to know how muck 
any given quantity of goods in troy weight do 
make in avoirdupoiſe weight ; and the reverſe, 
we ſhall here annex two tables for converting 
theſe weights into one another. Thoſe from 
page 135 to page 146 are near enough for com- 
mon hydraulic purpoſes ; but the two following 
are better, where accuracy 1s required in com- 
paring the weights with one another: and [ 
find, by trial, that 175 troy ounces are preciſely 
equal to 192 avoirdupoiſe ounces, and 175 troy 
pounds are equal to 144 avoirdupoiſe. And 
although there are ſeveral leſſer integral num. 
bers, which come very near to agree together, 
yet I have found none leſs than the above to 
agree exactly. Indeed 41 troy ounces are 6 
nearly equal to 45 avoirdupoiſe ounces, that the 
latter contains only 7+ grains more than the for- 
mer: and 45 troy pounds weigh only 7 drams 
more than 37 avoirdupoiſe. 

I have lately made a ſcale for comparing theſe 
weights with one another, and ſhewing the weight 
of pump-water, proof ſpirits, pure ſpirits, and 
guinea gold, taken in cubic inches, to any quan- 
tity leſs than a pound, both in troy and avoirdu- 
poiſe ; only by ſliding one fide of a ſquare along 


the ſcale, and the other ſide croſſing it. 
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Avoirdupoiſe. Avoir. 
Troy Weight. Troy Weight. 
Ib. oz. drams. Drams. 
Pounds —4000[3291 6 13.68 Pennywt. 19] 16.67 
zooc[2528 9 2.26 I8] 15.79 
200c|1045 It 6.84 17] 14.92 
f 100c| 822 13 11.42 I6] 14.04 
2 9000 740 9 2.28 15] 13.16 
E 80c] 658 4 9.14 14] 12.29 
Þ 700| 576 © 0.00 13] 11.41 
big 600 493 11 6.85 I2] 10.53 
- 500 411 6 13.71 110 9.65 
8 400] 329 2 4.57 100 8.78 
2 3000 246 13 11.42 9] 7.90 
E 200] 104 9 2.28 8 7-02 
8 1000 82 4 9.15 7 5 
< gol 74 © 13.62 6 5.27 
0 80] 65 13 4.11 51 4.39 
8 70] 57 9 9.60 4] 3-51 
* 60 49 5 15.08 3] 2.63 
. gol 41 2 4.57 2] 1.75 
2 40] 32 14 10.05 1] 88 
3 30] 24 10 15.54|Grains — 23] 84 
ba 16 7 5.03 22] 80 
8 1e 1851 21 77 
U 917 6 7.86 275 
'be . 19] 69 
E 3 110 180 .66 
E of 4 14 15.9 17] .62 
7 3 4 4.13.36 166 .c8 
L 4] 3 410.60 1 
8 2 7 7 "| 5 
2 1 10 . ze 13 47 
v TY 13 2.65 14 46; 
[2 [Ounces — 11 12 1.09 T3] 46 
— 10 10 15.54 10 36 
N 9 2 13.99 2 +33 
8 8 12.43 8 29 
7 7 10.88 7 26 
6 6 9.32 6 22 
5 3 55 +18 
4 4 522 4 15 
3 3 4.66 3 
2 3 -4i81 3 
a 1 1:55 1 
M 2 A Table 
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[A Table for reducing Avoirdupoiſe weight into 
Troy weight. 
Avoirdupoile | Troy weight. Avoird. Troy weight, 
| weight, — weight. — 
| iD. oz. pw. gr. Ib. oz. pw. pr. 
Pounds 6000 7291 8 © o|Ounces 15]1 1 13 10.50 
cgooclbo76 4 13 8 1441 O15 5 
| 400c[4361 1 6 16 13] 11 16 23.50 
| zooc|3045 10 © © 12] 10 18 18 
| 200c|2430 6 13 8 I1] 10 o 12,0 
| ioocſIzlI5s 3 6 16 1 9-2-9 
| gochi093 9 © © 0 8-4. Lt 
[ 800] 972 2 13 8 8 2330 
| 700] 850 8 6 16 1 |-'0-. 7 1466 
1 600 729 2 0 © of. .-5:.9 9 
| 5000 607 7 13 8 5] 4 41 3-30 
[i 400| 486 1 6 16 4 4 13 22 
| 300] 364 7 O © 3 2 14 16.50 
1 | 2oo| 243 O 13 8 2 1 16 11 
1 100] 121 6 6 16 1 18 6.50 
1 | go] 109 4 10 c|Drams 15 17 2.10 
1 nnn 14 15 2270 
1 70] 85 © 16 16 13 14 19.4 
60 74 11 0 12 13 15.08 
r 11 12 12.74 
| 400 48 7 6 16 10 11 9.40 
l 3 36 5 10 ©.0 9 10 6.00 
20] 24 313 8 8 9 2.7 
c 1e 12 1 16 16 7 8 5 
| 46 18 3-0 6 7 20.04 
| 9 8 18-- $ 5 6 1675 
ZF 4 5 13.36 
. 3 3 10.07 
6 1 2 2 60.08 
41410 6 16 1 I 3-34 
F 2 * 
| 2-3 $430 ; 13.0 
il 1 211 16 1 0.83 


The 


The 


Avoirdupoiſe W. eight reduced iuto Troy. 


The two following examples will be ſufficient 
to explain theſe two tables, and ſhew their agree- 


ment. 


Ex. I. In 6835 pounds 6 ounces ꝙ penny weights 
Qu. How much Avoirdupoiſe 


6 grains 1roy, 


weight ? (See page 165.) 


Avoirdupoiſe. 
Ib. oz. drams. 
3291 6 13.68 


4000 
2000 | 1045 II 6.84 
Pounds) 800 | 658 4 9.14 
troy— 20 16 7 
10 8 88108 
5 4 T1 13-25 
oz 01; 9.32 
Fs: 1-90 
gr. 6 | 22 
Anſwer 5624 10 11.90 


Ex. II. In 5624 pounds 10 ounces 12 drams 
Avoirdupoiſe, Qu. How much Troy weight ? (See 


page 166.) 
Troy. 
Ib. oz. pw. gr. 
5o0Oo | 6076 4 13 8 
Pounds] 600 | 729 2 O © 
avoird. 20 1 
4 4110 16 
OZ. 10 r 
dr. 12 13 15.08 
Anſwer. | 6835 6 9 6.08 
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Of Pneumatics. 


"THIS ſcience treats of the nature, weight, 
preſſure, and fpring of the air, and the 
effects ariſing therefrom. 

The pro- The air is that thin tranſparent fluid body in 

perties of which we live and breathe. It encompaſſes the 
vir, whole earth to a conſiderable height; and, toge- 
ther with the clouds and vapours that float there. 
in, it is called the atmoſphere. The air 1s juſtly 
reckoned among the number of fluids, becauſe 
it has all the properties by which a fluid is dif- 
tinguiſhed. For, it yields to the leaſt force 
impreſſed, its parts are eaſily moved among one 
another, it preſſes according to its perpendicular 
height, and its preſſure is every way equal, 
That the air is a fluid, conſiſting of ſuch 
particles as have no coheſion between them, but 
eaſily glide over one another, and yield to the 
ſlighteſt impreſſion, appears from that eaſe and 
freedom with which animals breathe in it, and 
move through it without any difficulty or ſenſible 
reſiſtance. 

+ But it differs from all other fluids in the four 
following particulars : 1. It can be compreſſed 
into a much leſs ſpace than what it naturally 
poſſeſſes, which no other fluid can. 2. It cannot 
be congealed or fixed, as other fluids may. 3. It 
is of a different denſity in every part, upward 

from the earth's ſurface, decreaſing in its weight, 
bulk for bulk, the higher it riſes ; and theretore 
muſt alſo decreaſe in denſity, 4. It is I 
+ | | | ee 
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daſtic or ſpringy nature, and the force of its 
fpring, is equal to its weight. 

That air is a body, is evident from its exclud- 
ing all other bodies out of the ſpace it poſſeſſes: 
for, if a glaſs jar be plunged with its mouth down- 
ward into a veſſel of water, there will but very 
little water get into the jar, becauſe the air of 
which it is full keeps the water out. 

As air is a body, it muſt needs have gravity 


or weight: and that it is weighty, is demon- 


ſtrated by experiment. For, tet the air be taken 
out of a veſſel by means of the air pump, then, 
having weighed the veſſel, let in the air again, 


and upon weighing it when re-flled with air, it 


will be found conſiderably heavier. Thus, a 
bottle that holds a wine re being emptied of 
air and weighed, is found to be about 16 grains 
lighter than when the air is let into it again; 
which ſhews that a quart of air weighs 16 grains. 
But a quart of water weighs 14621 grains; this 
divided by 16, quotes 914 in round numbers; 
which ſhews, that water is 914 times as heavy as 

air near the ſurface of the earth. | 
As the air riſes above the earth's ſurface, it 
grows rarer, and conſequently lighter, bulk for 
bulk. For, becauſe it is of an elaſtic or ſpringy 
nature, and its lowermoſt parts are preſſed with 
the weight of all that is above them, it 1s plain 
that the air muſt be more denſe or compact at 
the earth's ſurface, than at any height above it; 
and gradually rarer the higher up. For, the 
denſity of the air is always as the force that 
compreſſes it; and therefore, the air toward 
the upper parts of the atmoſphere being leſs 
preſſed than that which is near the earth, it will 
expand itſelf, and thereby become thinner than 

at the earth's ſurface. | | 
M 4 Dr. 
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Dr. Cotes has demonſtrated, that if altitudes 
in the air be taken in arithmetical proportion, 
the rarity of the air will be in geometrical pro. 


portion. For inſtance, 

CCC 438 
14 42:—— 5 04 

4 2111. 64 | 5 
a8 Fg === -= 26612 
3592 10245 
4221118184 4096 8 
V 163842 
e 68536 2 
2 63 8 — —— 1 < 
c 
a) 77 * ? 2 41 94304 5 
£S 84535 ——— 16777216] 
& | 91 ER: [> == 2 
98 B 268435450 E 
n 1073741824 ; 
112] 2 |- - 42949672968 
119| % |- - - 17179869184 1.5 

126} & |- - 68719476736 5 
133 C |- - 274877906944 : 
1400 {- 1099511627776) 5 


And hence it is eaſy to prove by calculation, 
that a«cubic inch of ſuch air as we breathe, would 
be fo much rarefied at the altitude of 500 miles, 
that it would fill a hollow fphere equal in diame- 
ter to the orbit of Saturn. 
The weight or preſſure of the air is exaCtly 
determined by the following experiment : 


The 7:- Take a glaſs tube about three feet long, and 


ricellian open at one end; fill it with quickſilver, and 
experi- 
ment. 


putting your finger upon the open end, tum 
that end downward, and immerſe it into a _ 
| vellc 


des 
on, 
ro- 
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veſſel of quickſilver, without letting in any air: 
then take away your finger; and the quickſilver 


will remain ſuſpended in the tube 292 inches 


above its ſurface in the veſſel; ſometimes more, 
and at other times leſs, as the weight of the air 
is varied by winds and other cauſes. That the 
quickſilver is kept up in the tube by the preſſure 
of the atmoſphere upon that in the baſon, is 
evident; for, if the baſon and tube be put under 
2 glaſs, and the air be then taken out of the glaſs, 
all the quickſilver in the tube will fall down into 
the baſon ; and 1f the air be let in again, the 
quickſilver will riſe to the ſame height as before. 
Therefore the air's preſſure on the ſurface of the 
earth, is equal to the weight of 294 inches depth 
of quickſilver all over the earth's ſurface, at a 
mean rate. 

A ſquare column of quickſilver, 29% inches 
high, and one inch thick, weighs juſt 15 
pounds, which is equal to the preſſure of air 
upon every ſquare inch of the earth's ſurface; 
and 144 times as much, or 2160 pounds, upon 
every ſquare foot; becauſe a ſquare foot con- 
tains 144 ſquare inches. At this rate, a middle- 
lized man, whoſe ſurface may be about 14 ſquare 
feet, ſuſtains a preſſure of 30240 pounds, when 
the air is of a mean gravity; a preſſure which 
would be. inſupportable, and even fatal to us, 
were it not equal on every part, and counterba- 
lanced by the ſpring of the air within us, which 
is diffuſed through the whole body; and re- 
acts with an equal force againſt the outward 
preſſure. - 

Now, ſince the earth's ſurface contains (in 
round numbers) 200,000,000 ſquare miles, 
and every ſquare mile 27,878,400 ſquare feet, 
there muſt be 5,57 5,680,000,000,000 _ 

| cet 
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feet on the earth's ſurface ; which multiplied by 
2160 pounds (the preſſure on each ſquare foot) 
gives 12, 043, 468, Soo, ooo, oco, ooo pounds fo 
the preſſure or weight of the whole atmof. 


| phere. 


| When the end of a pipe 1s immerſed in water, 
—_—-.. and the air 1s taken out of the pipe, the water 
| will riſe in it to the height of 33 feet aboye 
| the ſurface of the water in which it is immerſe; 
| but will go no higher; for it is found, that x 
common pump will draw water no higher than 
33 feet above the ſurface of the well: and unlek 
the bucket goes within that diſtance from the 


well, the water will never get above it. 


as it is the preſſure of the atmoſphere, on the 
ſurface of the water in the well, that cauſes the 
water to aſcend in the pump, and follow the 
piſton or bucket, when the air above it is lifted 
up; it is evident, that a column of water 3; 
feet high, is equal in weight to a column of 
quickſilver of the ſame diameter, 294 inches 
high; and to as thick a column of air, reach- 


ing from the earth's ſurface to the top 
atmoſphere. 


The ba. In ſerene calm weather, the air has weight 
enough to ſupport a column of quickſilver 31 
inches high; but in tempeſtuous ſtormy weather, 
not above 28 inches. The quickſilver, thus 
ſupported in a glaſs tube, is found to be a nice 
counterbalance to the weight or preſſure of the 
air, and to ſhew its alterations at different times. 
And being now generally uſed to denote the 


meler, 


changes in the weight of the air, and 


weather conſequent upon them, it is called the 


barometer, or weather-glaſs. 


The preſſure of the air being equal on al 


ſides of a body expoſed to it, the ſofteſt 


Now, 


of the 


of the 


bodies 
ſuſtain 
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uſtain this preſſure without ſuffering any change 
n their figure; and ſo do the moſt brittle bodies 
without being broke. | 

The air is rarefied, or made to ſwell with heat; 


and of this property, wind 1s a neceſſary conſe- The cauſe 
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quence. For, when any part of the air is heated of winds, 


by the ſun, or otherwiſe, it will ſwell, and thereby 
affect the adjacent air: and fo, by various de- 
prees of heat in different places, there will ariſe 
various winds. 

When the air is much heated, it will aſcend 
toward the upper part of the atmoſphere, and the 
adjacent air will ruſh in to ſupply its place; and 
therefore, there will be a ſtream or current of 
air from all parts toward the place where the 
heat is. And hence we ſee the reaſon why the 
air ruſhes with ſuch force into a glaſs-houle, or 
toward any place where a great fire is made. 
And alſo, why ſmoke is carried up a chimney, 
and why the air ruſhes in at the key-hole of the 
door, or any ſmall chink, when there is a fire in 
the room. So we may take it in general, that 
the air will preſs toward that part of the world 
where it is moſt heated. 


Upon this principle, we can eaſily account for The grade. 


the !rade-winds, which blow conſtantly from eaſt winds. 


vo weſt about the equator. For, when the ſun 


ſhines perpendicularly on any part of the earth, 
it will heat the air very much in that part, which 
ar will therefore riſe upward, and when the ſun 
withdraws, the adjacent air will ruſh in to fill its 
place; and conſequently will cauſe a ſtream or 
current of air from all parts toward that which 
s moſt heated by the ſun. But as the ſun, with 
reſpe&t to the earth, moves from eaſt to weſt, 


the common courſe of the air will be that way 
doo; continually preſſing after the ſun: and 
therefore, 
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therefore, at the equator, where the ſun ſhing 
ſtrongly, there will be a continual wind from 
the eaſt; but, on the north-fide, it will incline z 
little to the north, and on the ſouth-ſide, to the 
| ſouth. | 

This general courſe of the wind about the 
equator, 1s changed in ſeveral places, and upon 
teveral accounts; as, 1. By exhalations that ri 
out of the earth at certain times, and from ce. 
tain places; in earthquakes, and from volcanocs 
2. By the falling of great quantities of rain, 
cauſing thereby a ſudden condenſation or con- 
traction of the air. 3. By burning fands, that 
often retain the ſolar heat to a degree incredible 
to thoſe who have not felt it, cauſing a more 


than ordinary rarefaction of the air contiguous , 


to them. 4. By high mountains, which alter 
the direction of the winds in ſtriking againſt 
them. 5. By the declination of the ſun toward 
the north or ſouth, heating the air on the north 
or ſouth-ſide of the equator. 

To theſe and ſuch like cauſes is owing, 1. The 
irregularity and uncertainty of winds in climates 
diſtant from the equator, as in moſt parts of 
Europe. 2. Thoſe periodical winds, called 
monſocns, which in the Indian ſeas blow halt a 
year one way, and the other half another. 
3. Thoſe winds' which, on the coaſt of Guinea, 
and on the weſtern coaſts of America, blow 
always from weſt to eaſt. 4. The ſea breezes, 
which, in hot countries, blow generally from 
fea to land, in the day-time; and the land- 
breezes, which blow in the night; and, in ſhort, 
all thoſe ſtorms, hurricanes, whirlwinds, and 
irregularities, which happen at different times 
and places. aj 
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All common air is impregnated with a cer- The wivi- 
uin kind of vivifying ſpirit or quality, which is ng ſpirit 
neceſſary to continue the lives of animals: and“ OT: 


this, in a gallon of air, is ſufficient for one man 
during the ſpace of a minute, and not much 
longer. 

This ſpirit in air 1s deſtroyed by paſſing 
through the lungs of animals: and hence it is, 
that an animal dies ſoon, after being put under 
2 veſſel which admits no freſh air to come to it. 
This ſpirit is alſo in the air which is in water; 
for fiſh die when they are excluded from freſh 
air, as in a pond that is cloſcly frozen over. 
And the little eggs of infects, ſtopped up in a 
glaſs, do not produce their young, though aſ- 
ited by a kindly warmth. The feed allo of 

lants mixed with good earth, and incloſed in a 
glaſs, will not grow. 

This enlivening quality in air, is alſo deſtroyed 
by the air's paſſing through fire; particularly 
charcoal fire, or the flame of ſulphur. Hence, 
ſmoking chimneys muſt be very unwholeſome, 
elpecially if the rooms they are in be ſmall and 
cloſe. 

Air is alſo vitiated, by remaining cloſely pent 
up in any place for a conſiderable time; or per- 
haps, by being mixed with malignant ſteams 


| and particles flowing from the neighbouring bo- 


dies: or laſtly, by the corruption of the vivifying 
ſpirit; as in the holds of ſhips, in oil-ciſterns, or 
wine-cellars, which have been ſhut for a con- 
liderable time. The air in any of them is ſome- 
times ſo much vitiated, as to be immediate death 
to any animal that comes into it. | 

Air that has loſt its vivifying ſpirit, is called 


camp, not only becauſe it is filled with humid Dan.. 


or moiſt vapours, but becauſe it deadens fire, 
| extin- 
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extinguiſhes flame, and deſtroys life. The dread. 
ful effects of damps are ſufficiently known to ſuck 
as work in mines. 

If part of the vivifying ſpirit of air in ay 
| | | country begins to putrefy, the inhabitants of thy 
Il | country will be ſubject to an epidemical diſeaſe 
__ which will continue until the putrefaction is over 
And as the putrefying ſpirit occaſions the diſeaſe, 
ſo if the diſcaſed body contributes toward the 
putrefying of the air, then the diſeaſe will not 
only be epidemical, but peſtilential and con- 
tagious. 


The atmoſphere is the common receptacle of anay 
all the effluvia or vapours ariſing from different wall 
bodies; of the ſteams and ſmoke of things burnt nble 
or melted; the fogs or vapours proceeding from 1 
damp watery places; and of the effluvia from diffe 
ſulphureous, nitrous, acid, and alkaline bodies. been 
In ſhort, whatever may be called volatile, riſes clott 
in the air to greater or leſs heights, according to brok 
its ſpecific gravity. | othe! 

Fermenta- When the effluvia, which ariſe from acid and alunc 

Oy alkaline bodies, meet each other in the att, and. 
there will be a ſtrong conflict or fermentation be- Als 
tween them; which will ſometimes be ſo great, me 
as to produce a fire; then if the effluvia be thro! 
combuſtible, the fire will run from one part to wh 
another, juſt as the inflammable matter happens. 2 
to lie. 

Any one may be convinced of this, by mixing have 
an acid and an alkaline fluid together, as the 18 
ſpirit of nitre and oil of cloves; upon the doing ave 
of which, a ſudden ferment, with a fine flame, OS 
will ariſe; and if the ingredients be very pure ng 


and ſtrong, there will be a ſudden exploſion. 
Thender Whoever conſiders the effects of fermenta- * 


and /ight- tion, cannot be at a loſs to account for the 
8 dreadful 
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greadful effects of thunder and lightning: for the 


Auvia of ſulphureous and nitrous bodies, and 
others that may riſe into the atmoſphere, will 
ferment with each other, and take fire very often 
of themſelves ; ſometimes by the aſſiſtance of the 
ſun's heat. 

If the inflammable matter- be thin and light, 
i will riſe to the upper part of the atmoſphere, 
where it will flaſh without doing any harm: but 
it he denſe, it will he near the ſurface of the 
earth, where taking fire, it will explode with a 
ſurpriſing force ; and by its heat rarefy and drive 
away the air, kill men and cattle, ſpht trees, 
walls, rocks, &c. and be accompanied with ter- 
rible claps of thunder. 

The heat of lightning appears to be quite 
different from that of other fires; for it has 
been known to run through wood, leather, 
cloth, & c. without hurting them, while it has 
broken and melted iron, ſteel, ſilyer, gold, and 
other hard bodies. Thus it has melted or burnt 
aſunder a ſword, without hurting the ſcabbard; 
and money in a man's pocket, without hurting 
his cloaths: the reaſon of this ſeems to be, that 
the particles of that fire are ſo fine, as to paſs 
through ſoft looſe bodies without diſſolving them; 
while they ſpend their whole force upon the hard 


bones. 


It is remarkable, that knives and forks which 
have been ſtruck with lightning have a very ſtron 
magnetical virtue for ſeveral years after: nd? 
have heard that lightning ſtriking upon the ma- 
niner's compaſs, will ſometimes turn it round; 
and often make it ſtand the contrary way, the 
north-pole toward the ſouth. 


Much of the ſame kind with lightning, are Fir- 
thoſe exploſions, called fulminating or fire-damps, damps. 


which 
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which ſometimes happen in mines; and are 9. 
caſioned by ſulphureous and nitrous, or raths, 
oleaginous particles, riſing from the mine, ay 
mixing with the. air, where they will take fire hy 
the lights which the workmen are obliged to mal; 
uſe of. The fire being kindied, will run fron 
one part of the mine to another, like a train 
gunpowder, as the combuſtible matter happen 
to he. And as the elaſticity of the air 1s h. 
creaſed by heat, that in the mine will cong. 
quently ſwell very much, and fo, for want g 
room, will explode with a greater or lels degre 
of force, according to the denſity of the com. 
buſtible vapours. It is ſometimes ſo ſtrong, x 
to blow up the mine; and at other times 5 
weak, that when 1t has taken fire at the flame 
a candle, it is eaſily blown out. 

Air that will take fire at the flame of a candt 
may be produced thus: Having exhauſted 2 
receiver of the air-pump, let the air run into: 
through the flame of the oil of turpentine; the 
remove the cover of the receiver, and holding: 
candle to that air, it will take fire, and bum 
quicker or ſlower, according to the denſity d 
the oleaginous vapour. 

When ſuch combuſtible matter, as is above. 
mentioned, kindles in the bowels of the earth, 
where there is little or no vent, it produces ear!t- 
guakes, and violent ſtorms or hurricanes of wi! 
when 1t breaks forth into the air. 

An artificial earthquake may be made thus: 
Take 10 or 15 pounds of ſulphur, and as muct 
of the filings of iron, and knead them wit 
common water into the conſiſtency of a pale: 
this being buried in the ground, will, in 8 0 
10 hours time, burſt out in flames, and _ 
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e earth to tremble all around to a conſiderable 
liſtance. 

From this experiment we have a very natural 
count of the fires of mount tua, Veſuvius, 
and other volcanos, they being probably ſet on 
re at firſt by the mixture of ſuch metalline and 
ulphurcous particles. 

The air- pump being conſtructed the fame way The air- 
the water- pump, whoever underſtands the one, . 
be at no loſs to underſtand the other. 

Having put a wet leather on the plate LL Plate 
the air-pump, place the glaſs receiver M XIV. 
non the leather, ſo that the hole i in the plate oh, ana 
nay be within the glaſs. Then, turning the 

1ndle F backward and forward, the air will be 

umped out of the receiver ; which will then 

de held down to the plate by the preſſure of the 

xternal air, or atmoſphere. For, as the handle 

F (Fig. 2.) is turned backward, it raiſes the 

ton de in the barrel BK, by means of the 

heel E and rack Dd: and, as the piſton is lea- 

hered ſo tight as to fit the barrel exactly, no 

r can get between the piſton and barrel; and 
herefore, all the air above 4 in the barrel is 

red up toward B, and a vacuum is made in 

ie barrel from & to e; upon which, part of the 

r in the receiver M (Fig. 1.) by its ſpring, 

hes through the hole i, in the braſs plate 

IL, along the pipe GG, which communicates 

th both barrels by the hollow trunk THR 

Fig. 2.) and puſhing up the valve 3, enters 

e the vacant place he of the barrel BK. For, 

nere ver the reſiſtance or preſlure is taken oll, 

e air will run to that place, if it can find a 
allage.— Then, if the handle F be turned 

"ward, the piſton 4 e will be depreſſed in the 

rel; and, as the air which had got into the 


N barrel 
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barrel cannot be puſhed back through the valve 
b, it will aſcend through a hole in the piſton, 
and eſcape through a valve at 4; and be hin- 
dered by that valve from returning into the bar. 
rel, when the piſton is again raiſed. At the 
next raiſing of the piſton, a vacuum is again 
made in the ſame manner as before, between! 
and e; upon which, more of the air that wa 
left in the receiver M, gets out thence by its 
fpring, and runs into the barrel BK, through 
the valve B, The ſame thing is to be under- 
ſtood with regard to the other barrel AI; and 
as the handle F is turned backward and for- 
ward, it alternately raiſes and depreſſes the piſ. 
tons in their barrels ; always raiſing one while 
it depreſſes the other. And, as there is a . 
cuum made in each barrel when its piſton is 
raiſed, the particles of air in the receiver M 
puſh out another by their ſpring or elaſticity, 
through the hole , and pipe GG into the ber- 
rels; until at laſt the air in the receiver comes to 
be ſo much dilated, and its ſpring ſo far veak- 
ened, that it can no longer get through the 
valves; and then no more can be taken out, 
Hence, there is no ſuch thing as making a per- 
fect vacuum in the receiver; for the quantity of 
air taken out at any one ſtroke, will always be a 
the denſity thereof in the receiver: and there- 
fore it is impoſſible to take it all out, becaute, 
ſuppoſing the receiver and barrels of equal ca- 
pacity, there will be always as much left as wi 
taken out at the laſt turn of the handle. 
There is a cock & below the pump; phie, 
which being turned, lets the air into the receive! 
again ; and then the receiver becomes looſe, and 
may be taken off the plate. The barrels ar 
fixed to the frame Eee by two fcrew-nuts //, 


5 which 
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which preſs down the top-piece E upon the bar- 
rels : and the hollow trunk H (in Fig. 2.) is co- 
yered by a box, as GH in Fig. 1. 

There is a glaſs tube Im mmm open at both 
ends, and about 34 inches long ; the upper end 
communicating with the hole in the pump-plate, 
and the lower end immerſed in quickſilver at 7 
in the veſſel N. To this tube is fitted a wooden 
ruler mn, called the gage, which is divided into 
inches and parts of an inch, from the bottom ar 
(here it is even with the ſurface of the quick- 
filver) and continued up to the top, a little be- 
low /, to 30 or 31 inches, 

As the air is pumped out of the receiver M, it 
is likewiſe pumped out of the glaſs tube /m n, 
becauſe that tube opens into the receiver through 
the pump-plate; and as the tube is gradually 
<p Sens of air, the quickſilver in the veſſel N 


is forced up into the tube by the preſſure of the 


atmoſphere. And if the receiver could be per- 
fectly exhauſted of air, the quickſilver would 
ſtand as high in the tube as it does at that time 
in the barometer : for it is jupported by the ſame 
power or weight of the atmoſphere in both. 

The quantity of air exhauſted out of the re- 
ceiver on each turn of the handle, is always pro- 
portionable. to the aſcent of the quickſilver on 
that turn; and the quantity of air remaining in 


the receiver, is proportionable to the defect of 


the height of the quickſilver in the gage, from 
what it 1s at that time in the barometer. 

I ſhall now give an account of the experiments 
made with the air-pump in my lectures; ſhew- 


ing the reſiſtance, weight, and elaſticity of the 
air, 
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Of the Air-Pump. 


I. To ſhew the reſiſtance of the air, 


i. There 1s a little machine, conſiſting of two 
mills, a and &, which are of equal weights, | in- 
dependent of each other, and turn equally free 
on their axes in the frame. Each mill has four 
thin arms or ſails, fixed into the axis: 
the mill 2 have their planes at right angles to its 
axis, and thoſe of & have their planes parallel to 
it, Therefore, as the mill à turns round in com- 
mon air, it is but little reſiſted thereby, becauſe 
its ſails cut the air with their thin edges: but 
the mill ? is much reſiſted, becauſe the broad 
ſides of its fails move againſt the air when it 
turns round. In each axle is a pin near the 
middle of the frame, which goes quite through 
the axle, and ſtands out a little on each fide of 
it: upon theſe pins the ſlider 4 may be made 
to bear, and ſo hinder the mills from going, When 
the ſtrong ſpring c 1s ſet on bend againſt the op- 
poſite ends of the pins. 

Having ſet this machine upon the pump- 
plate J. L (Fig. 1.) draw up the ſlider 4 to the 
pins on one fide, and ſet the ſpring c at bend 
upon the oppoſite ends of the pins: then puſh 
down the ſlider 4, and the ſpring acting equally 
ſtrong upon each mill, will ſer them both 4 
going with equal forces and velocities: but the 
mill 2 will run much longer than the mill , 


becauſe the air makes much leſs reſiſtance againſt 


the edges ot its tails, 
the fails of 6, EA 

Draw up the flider again, and ſet the ipring 
upon the pins as before; then cover the ma 
chine with the receiver M upon the pump— 
plate, and having exhautted the receiver ot all, 


pull: 


than againſt the ſides Ot 
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puſh down the wire PP (through the collar of 


leachers in the neck 4) upon the ſlider ; which 
will diſengage it from the pins, and allow the 
mills to turn round by the impulſe of the ſpring: 
and as there is no air in the receiver to make any 
ſenſible reſiſtance againft them, they will both 
move a conſiderable time longer than they did 
in the open air; and the moment that one ſtops, 
the other will do fo too. This ſhews that air re- 
fiſts bodies in motion, and that equal bodies meet 
with different degrees of reſiſtance, according as 
they preſent greater or leſs ſurfaces to the air, in 
the planes of their motions. 

2. Take off the receiver M, and the mills; 
and having put the guinea @ and feather þ upon 
the braſs flap c, turn up the flap, and ſhut it into 
the notch d. Then, putting a wet leather over 
the top of the tall receiver 4 B (it being open both 
at top and bottom) cover it with the plate C, 
from which the guinea and feather tongs e will 
then hang within the receiver. This done, pump 
the air out of che receiver; and then draw up 
the wire Fa little, which by a ſquare piece on its 
lower end will open the tongs e; and the flap 
falling down as at c, the guinea and feather will 
deſcend with equal velocities in the receiver; 
and both will fall upon the pump-plate at the 
ſame inſtant. N. B. In this experiment, the ob- 
ſcrvers ought not to look at the top, but at the 
bottom of the receiver; in order to fec the guinea 
and feather fall upon the plate; otherwiſe on ac- 
count of the quickneſs of their motion, they will 
elcape the ſight of the beholders. 
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Of the Air-Pump, 


II. To ſhew the weight of the ain. 


1. Having fitted a braſs cap, with a valve 
tied over it, to the mouth of a thin bottle or 
Florence flaſk, whole contents are exactly known, 
ſcrew the neck of this cap into the hole i of the 
pump-plate : then, having exhauſted the air out 
of the flaſk, and taken it off from the pump, let 
it be ſuſpended at one end of a balance, and nice 
counterpoiſed by weights in the ſcale at the other 
end: this done, raiſe up the valve with a pin, and 
the air will ruſh into the flaſk with an audible 
noiſe : during which time, the flaſk will deſcend, 
and pull down that end of the beam. When the 
noiſe is over, put as many grains into the ſcale 
at the other end as will reſtore the equilibrium; 
and they will ſhew exactly the weigut of the 
quantity of air which has got into the flaſk, and 
filled it. If the flaſk holds an exact quart, it 
will be found, that 16 grains will reſtore the 
equipoiſe of the balance, when the quickſilver 
ſtands at 294 inches in the barometer : which 
ſhews, that when the air is at a mean rate of den- 
ſity, a quart of it weighs 16 grains: it weighs 
more when the quickſilver ſtands higher; and 
leſs when it ſtands lower. | 

2. Place the ſmall receiver O (Fig. 1.) over 
the hole i in the pump plate, and upon exhauſting 
the air, the receiver will be fixed down to the 
plate by the preſſure of the air on its outlice, 
which is left to act alone, without any air in tie 
receiver to act againſt it: and this preſſure vil 
be equal to as many times 15 pounds, as there 
are ſquare inches in that part of the plate wich 
the receiver covers; which will hold down the 


\ receiver ſo fait, that it cannot be got off, until 
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the air be let into it by turning the cock &; and 
then it becomes looſe. 


185 


3. Set the little glaſs AB (which is open at Fig. 5. 


both ends) over the hole 7 upon the pump- plate 
LI. and put your hand cloſe upon the top of it 
at B: then, upon exhauſting the air out of the 
glaſs, you will find your hand preſſed down with 
a great weight upon it: ſo that you can hardly 
releaſe it, until the air be re- admitted into the 
glaſs by turning the cock &; which air, by act- 
ing as ſtrongly upward againſt the hand as the 
external air acted in preſſing it downward, will 
releaſe the hand from its confinement. 


4. Having tied a piece of wet bladder 5 over Fig. 6. 


the open top of the glaſs 4 (which is alſo open at 
bottom) ſet it to dry, and then the bladder will 
be tight like a drum. Then place the open end 
A upon the pump-plate, over the hole 7, and 
begin to exhauſt the air out of the glaſs. As 
the air is exhauſting, its ſpring in the glaſs will 
be weakened, and give way to the preſſure of the 
outward air on the bladder, which, as it is preſſed 
down, will put on a ſpherical concave figure, 
which will grow deeper and deeper, until the 
ſtrength of the bladder be overcome by the 
weight of the air; and then 1t will burſt with a 
report as loud as that of a gun.—If a flat piece 
of glaſs be laid upon the open top of this re- 
ceiver, and joined to it by a flat ring of wet 
leather between them ; upon pumping the air 
out of the receiver, the preſſure of the outward 
air upon the flat glaſs will break it to pieces. 


;. Immerſe the neck cd of the hollow glaſs Fig. 3. 


ball e & in water, contained in the phial a 4; then 
let it upon the pump- plate, and cover it and the 
hole i with the cloſe receiver 4; and then begin 
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to pump out the air. As the air goes out of the 
receiver by its ſpring, it will alſo by the ſame 
means go out of the hollow ball e 6, through the 
neck dc, and riſe up in bubbles to the ſurface of 
the water in the phial ; from whence it will make 
its way, with the reſt of the air in the receiver, 
through the air-pipe GC and valves @ and , into 
the open air. When it has done bubbling ; in 
the phial, the ball is ſufficiently exhauſted ; and 
then, upon turning the cock &, the air will get 
into the receiver, and preſs ſo upon the ſurface 
of the water in the phial, as to force the water 
up into the ball in a jet, through the neck cd; 

and will fill the ball almoſt full of water. The 
reaſon why the ball is not quite filled, is becauſe 
all the air could not be taken out of it; and the 
ſmall quantity that was left in, and had expanded 
itſelf ſo as to fill the whole ball, is now condenſed 
into the ſame ſtate as the outward air, and re- 
mains in a finali bubble. at the top of the ball; 
and fo keeps the water from filling that part of 
the ball. 

6. Pour ſome quickſilver into the jar D, and 
ſet it on the pump-plate near the hole i; then 
ſet on the tall open receiver AB, ſo as to be over 
the jar and hole; and cover the receiver with the 
braſs plate C. Screw the open glaſs tube fg 
(which has a braſs top on it at Y) into the ſyringe 
H, and putting the tube through a hole in the 
middle of the plate, fo as to immerſe the lower 
end of the tube e in the quickſilver at P, ſcrew 
the end þ of the ſyringe into the plate. This 
done, draw up die piſton in the ſyringe by the 
ring J. which will make a vacuum in the ſyringe, 
below the piſton ; and as the upper end of the 
tube opens into the ſyringe, the air will be di- 
lated in the tube, becauſe part of it, by its ſpring, 
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gets up into the ſyringe ; and the ſpring of the 
undulated air in the receiver acting upon the 
ſurface of the quickſilver in the jar, will force 
part of it up into the tube: for the quickſilver 
will follow the piſton in the ſyringe, in the ſame 
way, and for the ſame reaſon, that water follows 
the piſton of a common pump when it is raiſed 
a the pump-barrel; and this, according to ſome, 
z done by ſuction. But to refute that erroneous 
tion, let the air be pumped out of the receiver 
IB, and then all the quickſilver in the tube will 
fall down by 1ts own weight into the jar; and can- 
not be again raiſed one hair's breadth in the tube 
by working the ringe: : which ſhews that ſuc- 
ton had no hand in raifing the quickſilver; and, 
0 prove that it is done by preſſure, let the air 
mo the receiver by the cock & (Fig. 1.) and its 
ion upon the ſurface of the quickſilver in the 
ar will raiſe it up into the tube, although the 
piton of the ſyringe continues motionleſs. —If 
he tube be about 32 or 33 inches high, the 
gvickſilver will rife in it very near as high as it 
ende at that time in the barometer. And, if 
the fyringe has a ſmall hole, as m, near the top 
of it, and The piſton be drawn up above that hole, 
he air will ruſh through the hole into the ſy- 
inge and tube, and the quick ſilver will 1nme- 


apparatus be air-tighr, the quickſilver may be 
pumped up into the tube to the ſame height that 
It ſtands in the barometer; but it will go no 
higher, becauſe then the weight of the column 
ofquickſilver 3 in the tube is the ſame as the weight 
of a column of air, of the ſame thickneſs with the 
quick ſilver, reaching from the earth to the top of 
the atmoſphe e. 


7. Having 


* 


dately fall down into the jar. If this part of the. 


187 


| 
| 
i 
\ 
| 
: 


— 9 — : — „ 
* 0 OT OE PEE — Cw — - 
' 8 * 3 
* — 8 — — 
n a — 


receiver by the cock E, and the quickſilver wil 


fore, and the quickſilver riſes again to the ſame 


Of the Air-Pump. 


7. Having placed the jar A, with ſome quick. Neght.— 
ſilver in it, on the pump-plate, as in the l:#Myer in 
experiment, cover it with the receiver B; then Ind riſes 

uſh the open end of the glaſs tube de throꝶg ue, the 
the collar of leathers in the braſs neck C (Which upours, 
it fits ſo as to be air- tight) almoſt down to the let che 


quickſilver in the jar. Then exhauſt the r N. B. 
out of the receiver, and it will alſo come out gf ir- pum 
the tube, becauſe the tube 1s cloſe at top. WH oe i, ſ 
the gauge mm ſhews that the receiver is ve preve 
exhauſted, puſh down the tube, ſo as to immeri: WM ir-pipe 
its lower end into the quickſilver in the jar, reden 


Now, although the tube be exhauſted of air, 
none of the quick filver will riſe into it, becauk 
there is no air left in the receiver to preſs upca 
its ſurface in the jar. But let the air into the 


immediately riſe in the tube; and ſtand as high 
In 1t, as it was pumped up in the Jaſt expen- 
ment, 


ight ir 


{mall v 


no the 

Both theſe experiments ſhew, that the quick- WI the pr 
filver is ſupported in the barometer by the prel- WW of the 
ſure of the air on its ſurface in the box, in which of the 
the open end of the tube is placed. And that WW beauti 
the more denſe and heavy the air is, the higher e re: 


does the quickſilver riſe ; and, on the contra; g. 

the thinner and lighter the air is, the more wil the to 
the quiceſilver fall. For if the handle I be on th 
turned ever ſo little, it takes ſome air out oi tic exhai 
receiver, by raiſing one or other of the piſtons n imme 
its barrel; and conſequently, that which remains 
in the receiver is ſo much the rarer, and has 10 
much the leſs ſpring and weight; and thereupon, 
the quickſilver falls a little in the tube: but 
upon turning the cock, and re-admitting the ar 
into the receiver, it becomes as weighty as be- 


height, 
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wioht,—Thus we ſee the reaſon why the quick- 
aver in the barometer falls before rain or !now, 
nd riſes before fair weather; for, in the former 
aſe, the air is too thin and light to bear up the 
rpours, and in the latter, too denſe and heavy 
0 let them fall. 

N. B. In all mercurial experiments with the 
ir-pump, a ſhort pipe muſt be ſcrewed into the 
hole i, ſo as to rife about an inch above the plate, 
v prevent the quickſilver from getting into the 
ir-pipe and barrels, in caſe any of ic ſhould be 
xcdentally ſpilt over the jar: for if it once gets 
nto the pipes or barrels, it ſpoils them, by looſen- 
ng the ſolder, and corroding the braſs. 

$8. Take the tube out of the receiver, and put 
one end of a bit of dry hazel branch, avout an 
nch long, tight into the hole, and the other end 
tight into a hole quite through the bottom of a 
ſmall wooden cup: then pour ſome quickſilver 
o the cup, and exhauſt the receiver of air, and 
the preſſure of the outward air, on the ſurface 
of the quick ſilver, will force it through the pores 
of the hazel, from whence it will deſcend in a 
deautiful ſhower into a glaſs cup placed under 
the receiver to catch it. 

9. Put a wire through the collar of leathers in 
the top of the receiver, and fix a bit of dry wood 
on the end of the wire within the receiver; then 
exhauſt the air, and puſh the wire down, fo as to 
immerſe the wood into a jar of quickſilver on the 
pump-plate ; this done, let in the air, and upon 
king the wood out of the jar, and ſplitting it, 
Is pores will be found full of quickfilver, which 
the force of the air, upon being let into the re- 
ceiver, drove into the wood. 
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10. Join the two braſs hemiſpherical cups A Fig. 10. 


and & together, with a wet leather between them, 
having 
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having a hole in the middle of it ; then ſcrew the 
end D of the pipe CD into the plate of th 
pump at i, and turn the cock E, fo as the pipe 
may be open all the way into the cavity of the 
hemiſpheres: then exhauſt the air out of then, 
and turn the cock a quarter round, which wil 
thut the pipe CD, and keep out the air. This 
done, unſcrew the pipe at D from the pump; 
and ſcrew the piece  þ upon it at D; and ls 
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two ſtrong men try to pull the hemiſpheres an-. 2. 
der by the rings g and , which they will fn nto tt 
hard to do: for if the diameter of the hem. COCK e 
tpheres be four inches, they will be preſſed w. Kathe 
gether by the external air with a force equal t Pipe, 
190 pounds. And to ſhew that it is the preſiue which 
of the air that keeps them together, hang then of the 
by either of the rings upon the hook P of the gut; 
wire in the receiver M (Fig. 1.) and upon ex- pump 
hauſting the air out of the receiver, they will fil and te 
aſunder of themſelves. the 
11. Place a ſmall receiver O (Fig. 1.) near tie me at 
hole i on the pump- plate, and cover both it and (Ive 
the hole with the receiver M; and turn the Make 
wire ſo by the top P, that its hook may tke et 
hold of the little receiver by a ring at its top, by: 
allowing that receiver to ſtand with its own H___ 
weight on the plate. Then, upon working the * 
pump, the air will come out of both receivers; "6 " 
but the large one M will be forcibly held donn me 4 
to the pump by the preſſure of the external ar; Ke 
while the ſmall one O, having no air to preſs up- . 
on it, will continue looſe, and may be drawn up = - 
and let down at pleaſure, by the wire PP. But, re 
upon letting it quite down to the plate, and ad- bro 
mitting the air into the receiver M, by the cock ng 
, the air will preſs ſo ſtrongly upon the ſmal 7 


receiver O, as to fix it down to the plate; and at 
b 
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the fame time, by counterbalancing the outward 
prefſure on the large receiver M, it will become 
loſe, This experiment evidently ſhews, that 
the receivers are held down by preſſure, and 
not by ſuction, for the internal receiver conti- 
med looſe while the operator was pumping, and 
the external one was held down; but the former 
became faſt immediately by letting in the air 
upon it. 
12. Screw the end A of the braſs pipe ABF Fig. 11. 
into the hole of the pump-plate, and turn the 
cock e until the pipe be open; then put a wet 
|-acher upon the plate cd, which is fixed on the 
pipe, and cover it with the tall receiver GH, 
which is cloſe at top: then exhauſt the air out 
of the receiver, and turn the cock e to keep it 
out; which done, unſcrew the pipe from the 
pump, and ſet its end A into a baſon of water, 
and turn the cock e to open the pipe; on which, 
25 there is no air in the receiver, the preſſure of 
the atmoſphere on the water in the baſon will 
dive the water forcibly through the pipe, and 
make it play up in a jet to the top of the re- 
ctiver. ä 
13. Set the ſquare phial 4 (Fig. 14.) upon the 
pump-plate, and having covered it with the wire 
cage B, put a cloſe recciver over it, and exhauſt 
the air out of the receiver; in doing of which, 
the air will alſo make its way out of the phial 
through a ſmall hole in its neck under the valve 
b6, When the air is exhauſted, turn the cock 
below the plate, to re-admit the air into the 
receiver: and as it cannot get into the phial 
again, becauſe of the valve, the phial will be 
broke into ſome thouſands of picces by the preſ- 
lure of the air upon it. Had the phial been 
d a round form, it would have ſuſtained this 
preſſure 
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Fig. 11. 


Of the Air-Pump. 
preſſure like an arch, without breaking: but a veel 


its ſides are flat, it cannot. about | 
cock e 

To ſhew the elaſticity or ſpring of the air. 5 conf 
water 


14. Tie up a very ſmall quantity of air in 2 hauf 
bladder, and put it under a receiver; then exhauſt Wl prefiur 
the air out of the receiver ; and the ſmall quan. n the 
tity which is confined in the bladder (having no- 18. 
thing to act againſt it) will expand itſelf ſo b put un 
the force of its ſpring, as to fill the bladder a; de an 
full as it could be blown of common air, Bu great 
upon letting the air into the receiver again, it Spire 
will overpower the air in the bladder, and preß cruel 
its ſides almoſt cloſe together. ſhock! 

15. If the bladder ſo tied up be put into: gree © 
wooden box, and have 20 or, 30 pound weight the Ju 


of lead put upon it in the box, and the box be 19. 
covered with a cloſe receiver; upon exhauſting by a f 
the air out of the receiver, that air which is con- WI out 
fined in the bladder will expand itſelf ſo, as w ul 
raiſe up all the lead by the force of its ſpring. thoug 
16. Take the glaſs ball mentioned in the fifth to flu 
experiment, which was left full of water all but the p 
a ſmall bubble of air at top, and having ſet it ceive 
with its neck downward into the empty phial a, zum. 
and covered it with a cloſe receiver, exhauſt the 2 
air out of the receiver, and the ſmall bubble of WM 4 = 
air in the top of the ball will expand iticlt, ſo a into 
to force all the water out of the ball into the end 
phial. ler 
17. Screw the pipe AB into the pump-plat? bott] 
place the tall receiver GH upon the plate 4, » Will © © 
in the twelfth experiment, and exhauſt the at t 
out of the receiver; then, turn the cock e t0 tube 
keep out the air, unſcrew the pipe from the * 


pump, and ſcrew it into the mouth of the copp*! 
| | YElicl 
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reſſel CC (Fig. 15.) the veſſel having firſt been 
out half filled with water. Then open the 
cock e (Fig. 11.) and the ſpring of the air which 
s confined in the copper veſſel will force the 
water up through the pipe 4B iff a jet into the 
exhauſted receiver, as ſtrongly as it did by its 
eſſure on the ſurface of the water in a baſon, 
n the twelfth experiment. 

18. If a fowl, a cat, rat, mouſe, or bird, be 
put under a receiver, and the air be exhauſted, 
the animal will be at firſt oppreſſed as with a 
great weight, then grow convulſed, and at laſt 
expire in all the agonies of a moſt bitter and 
cruel death. But as this experiment is too 
ſhocking to every ſpectator who has the leaſt de- 
gree of humanity, we ſubſtitute a machine called 
the lungs- glaſs in place of the animal. 

19. If a butterfly be juſpended in a receiver, 
by a fine thread tied to one of its horns, it will fly 
about in the receiver, as long as the receiver 
continues full of air; but if the air be exhauſted, 
though the animal will not die, and will continue 
to flutter its wings, it cannot remove itſelf from 
the place where 1t hangs in the middle of the re- 
ceiver, until the air be let in again, and then the 
mimal will fly about as before. 


A, and ſcrew the braſs collar c ot the tube BC 
into the braſs neck Y of the bottle, and the lower 
end of the tube will be immerſed into the quick- 
ler, ſo that the air above the quickſilver in the 
bottle will be confined there, becauſe it cannot 
get out about the joinings, nor can it be drawn 
out through the quickſfilver into the tube. This 
tube is alſo open at top, and is to be covered with 
tie receiver & and large tube EV, which tube is 
fred by braſs collars to the receiver, and is cloſe 

ar. 


20. Pour ſome quickſilver into the ſmall bottle Fig. 12. | 
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at the top. This preparation being made, cx. 
hauſt the air both out of the receiver and id 


tube; and the air will by the fame means be 
exhauſted out of the inner tube B C, through 
its open top at C; and as the receiver and tubes 
are exhauſting, the air that is confined in the glas 
bottle A will preſs fo by its ſpring upon the fur. 
face of the quickſilver, as to force it up in the 

inner tube as high as it was raiſed in the ninth 
experiment by the preſſure of the armoiphere: 

which demonſtrates that the ſpring of the air i; 
equivalent to 1ts weight, 

21. Screw the end C of the pipe CD into the 
hole of the pump-plate, and turn all the three 
cocks d, G, and H, fo as to open the communi- 
cations between all the three pipes E, F, DC, 
and the hollow trunk AB. Then, cover the 
plates g and þ with wet leathers, which have 
holes in their middle where the pipes open into 
the plates; and place the cloſe receiver I upon 
the plate g: this done, ſhut the pipe F by tun. 
ing the cock Il, and exhauſt the air out of the 
receiver J. Then, turn the cock & to ſhut out 
the air, unſcrew the machine from the pump, 
and having ſcrewed it to the wooden foot L, put 
the receiver K upon the plate ; this receiver 
will continue looſe on the plate as long as It 
keeps full of air ; which it will do until the cock 
{{ be turned to open the communication between 
the pipes Y and E, through the trunk AB; and 
then the air in the receiver K, having nothing to 
act againſt its ſpring, will run from & into J, un- 
til it be ſo divided between thele receivers, as t9 
be of equal denſity in both; and then they wi! 
be held down with equal forces to their plates b). 
the preſſure of the atmoſphere ; though cach 
receiver will then be kept down but with one 
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half of preſſure upon it, that the receiver I had, 
when it was exhauſted of air; becauſe it has now 
one half of the common air in it which filled the 
receiver X when it was ſet upon the plate; and 
therefore a force equal to half the force of 
the ſpring of common air, will act within the 
recelvers againſt the whole preſſure of the com- 
mon air upon their outſides. This is called 


ther. 


fx it in with wax or cement; put the phial upon 


transferring the air out of onE veſſel] into ano- 


195 


22. Put a cork into the {quare phial A, and Fig. 144 


the pump- plate with the wire cage B over it, 
ud cover the cage with a cloſe receiver. Then, 
exhauſt the air out of the receiver, and the air 
that was corked up in the phial will break the 
phial by the force of its ſpring, becauſe there is no 
ar left on the outſide of the phial to act againſt 
the air within 1t. 

23. Put a ſhrivelled apple under a cloſe re- 
ceiver, and exhauſt the air; then the ſpring of the 
ar within the apple will plump it out, ſo as to 
cauſe all the wrinkles to diſappear; but upon 
letting the air into the receiver again, to preſs 
upon the apple, it will inſtantly return to its 
former decayed and ſhrivelled ſtate. 

24. Take a freſh egg, and cut off a little of 
the ſhell and film from 1ts ſmalleſt end, then put 
the egg under a receiver, and pump out the air; 
upon which, all the contents in the egg will be 
forced out into the receiver, by the expanſion of 
a ſmall bubble of air contained in the great end, 
between the ſhell and film. 

25. Put ſome warm beer into a glaſs, and hav- 
ng ſet it on the pump, cover it with a cloſe re- 
ceiver, and then exhauſt the air. While this is 
doing, and thereby the preſſure more and more 

taken 
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taken off from the beer in the glaſs, the air there. 
in will expand itſelf, and riſe up in innumerable 
bubbles to the ſurface of the beer; and from 
thence it will be taken away with the other air in 
the receiver. When the receiver is nearly ex- 
hauſted, the air in the beer, which could not 
diſentangle itſelf quick enough to get off with 
the reſt, will now expand itſelf ſo, as to cauſe 
the beer to have all the appearance of boiling; 
and the greateſt part of it will go over the 
glaſs. 

26. Put ſome warm water into a glaſs, and put 
a bit of dry wainſcot or other wood into the 
water. Then, cover the glaſs with a cloſe te- 
ceiver, and exhauſt the air; upon which, the air 
in the wood having liberty to expand itſelf, wil 
come out plentifully, and make all the water to 
bubble about the wood, eſpecially about the 
ends, becauſe the pores lie lengthwiſe. A cubic 
inch of dry wainſcot has ſo much air in it, thatit 
will continue bubbling for near halt an hour 
together. 


Miſcellaneous Experiments. 


27. Screw the ſyringe E (Fig. 8.) to a piece 
of lead that weighs one pound at leaſt; and, 
holding the lead in one hand, pull up the piſton 
in the ſyringe with the other; then, quitting 
hold of the lead, the air will puſh it upward, 
and drive back the ſyringe upon the piſton, 
The reaſon of this is, that the drawing up of the 
piſton makes a vacuum in the ſyringe, and the 
air, which preſſes every way equally, having 
nothing to reſiſt its preſſure upward, the lead 1s 
thereby prefſed upward, contrary to its naturd 
tendency by gravity. If the ſyringe, ſo * 
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be hung in a receiver, and the air be exhauſted, 


the ſyringe and lead will deſcend upon the piſton- 


rod by their natural gravity ; and, upon admit- 


ing the air into the receiver, they will be drove 


upward again, until the piſton be at the very 
bottom of the ſyringe. 

28. Let a large piece of cork be ſuſpended 
by a thread at one end of a balance, and coun- 
erpoiſed by a leaden weight, ſuſpended in the 
ame manner, at the other. Let this balance be 
hung to the inſide of the top of a large receiver; 
which being ſet on the pump, and the air ex- 
hauſted, the cork will preponderate, and ſhew 
elf to be heavier than the lead; but upon 
letting in the air again, the equilibrium will be 
reſtored. The reaſon of this is, that ſince the 
ar is a fluid, and all bodies loſe as much of their 
abſolute weight in it, as is equal to the weight 
of their bulk of the fluid, the cork being the 
karger body, loſes more of its real weight than 
the lead does; and therefore muſt in fact be 
keavier, to balance it under the diſadvantage of 
olng ſome of its weight: which diſadvantage 
being taken off by removing the air, the bodies 
then gravitate according to their real quantities 
of matter, and the cork, which balanced the 
lad in air, ſhews itſelf to be heavier when in 
vacuo, | | 

29. Set a lighted candle upon the pump, and 
cover it with a tall receiver. If the receiver 
holds a gallon, the candle will burn a minute; 
and then, after having gradually decayed from 
the firſt inſtant, it will go out: which ſhews, that 
2 conſtant ſupply of freſh air is neceſſary to feed 
ame ; and fo it alſo is for animal life. For a 
bird kept under a cloſe receiver will ſoon die, 
though no air be pumped out; and it is 
O 2 found 
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found that, in the diving-bell, a gallon of air 
is ſufficient only for one minute for a man to 
R Ap. 

The moment when the candle goes out, the 
ſmoke will be ſeen to aſcend at the top of the 
receiver, and there it will form a ſort of cloud: 
but upon exhauſting the air, the ſmoke will fall 
down to the bottom of the receiver, and leave it 
as clear at the top as it was before it was ſet upon 
the pump. This ſhews, that ſmoke does not 
aſcend on account of its being poſitively light, 
but becauſe it is lighter than air; and its falling 
to the bottom when the air is taken away, ſhews, 
that 1t 1s not deſtitute of weight. So moſt forts 
of wood aſcend or ſwim in water; and yet there 


are none who doubt of the wood's having gravity 


or weight. 

30. Set a receiver, which is open at top, upon 
the air- pump, and cover it with a braſs plate, 
and wet leather; and having exhauſted it of air, 
let the air in again at top through an iron pipe, 
making 1t paſs through a charcoal flame at the 
end of the pipe; and when the receiver is full of 
that air, lift up the cover, and let down a mouſe 
or bird into the receiver, and the burnt air will 
immediately kill it. If a candle be let down into 
that air, it will go out directly; but, by letting 
it down gently, it will purify the air fo far as it 

goes; and fo, by letting it down more and more, 
the flame will drive out the bad air, and good ait 
will. get in. 

31. Set a bell upon a cuſhion on the pump- 
plate, and cover it with a receiver; then ſhake 
the pump to make the clapper ſtrike againſt the 
bell, and the ſound will be very well heard; but, 
exhauſt the receiver of air, and then, if ths 


elapper be made to ſtrike evgr ſo hard * 


rain-l 


Of the Air-Pump. 
the bell, it will make no ſound at all; which 
ſne ws, that air is abſolutely neceſſary for the pro- 


pagation of ſound. 
32. Let a candle be placed on one fide of a. 


receiver, and viewed through the receiver at 
ſome diſtance; then, as ſoon as the air begins 
to be exhauſted, the receiver will be filled with 


vapours which rife from the wet leather, by the 
ſpring of the air in it; and the light of the candle 
being refracted through that medium of vapours, 


vill have the appearance of circles of various 


colours, of a faint reſemblance to thoſe in the 
tain- bow. . 

The air-pump was invented by Ortho Guerick 
of Magdeburg, but was much improved by Mg. 
Boyle, to whom we are indebted for our greateſt 
part of the knowledge of the wonderful proper- 
ties of the air, demonſtrated in the above expe- 
timents. 

The elaſtic air which is contained in man 
bodies, and is kept in them by the weight of the 
atmoſphere, may be got out of them either by 
boiling, or by the air-pump, as ſhewn in the 
25th experiment: but the fixed air, which is 
by much the greater quantity, cannot be got 
out but by diſtillation, fermentation, or putre- 
faction. 

If fixed air did not come out of bodies with 
difficulty, and ſpend ſome time in extricating 


Itſelf from them, it would tear them to pieces. 


Trees would be rent by the change of air from 
a fixt, to an elaſtic ſtate, and animals would be 
* pieces by the exploſion of air in their 
0 . 

Dr. Hales found by experiment, that the air 
in apples is fo much condenſed, that if it were 
let out into the common air, it would fill a ſpace 
93 48 
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48 times as great as the bulk of the apples them. 
ſelves; ſo that its preſſure was equal to 11776ʃb. 
and in a cubic inch of oak, to 19860 Ib. again} 
their ſides, So chat if the air was let look : 
once in theſe ſubſtances, they would tear ever; 
thing to pieces about them with a force ſuperic; 
to that of gunpowder. Hence, 1 in eating apples, 
it is well that they part with the air by degrees, 
as they are chewed, and ferment in the ſtomach, 
otherwiſe an apple would be immediate death to 
him who eats it. 

The mixing of ſome ſubſtances with others 
will releaſe the air from them, all of a ſudden, 
which may be attended with very great danger 
Of this we have a remarkable inſtance in an ex. 
periment made by Dr. Slare; who having put 
half a dram of oil of carraway-ſeed into one 
glaſs, and a dram of compound ſpirit of nitre in 


another, covered them both on the air- -ppmp with 


a receiver ſix inches wide, and eight inches deep, 
and then exhauſted the air, and continued pump- 
ing until all that could poſibly be got both out 
of the receiver, and out of the two Auids, Was tx- 
tricated : then, by a particular contrivance from 
the top of the receiver, he mixed the fluids to- 

gether; upon which they produced fuch a pro- 
digious quantity of air, as inſtantly blew up the 
receiver, although it was preſſed down by t. 

atmoſphere with upward of 400 pounds weight. 


N. B. In the 28th experiment, the cork muſt 
be covercd all over with a piece of thin wet 
bladder glued to it, and not uſed until it be 
thoroughly dry. 
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LECT. WII. 
Of Optics. 
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IGHT conſiſts of an inconceivably great 
number of particles flowing from a lumi- 

nous body in all manner of directions; and theſe 
particles are ſo ſmall, as to ſurpaſs all human 
comprehenſion. 

That the number of particles of light is in- 
conceivably great, appears from the light of a 
candle; which, if there be no obſtacle in the 
way to obſtruct the paſſage of its rays, will fill 
all the ſpace within two miles of the candle, every 
way, with luminous particles, before it has loſt 
the leaſt ſenſible part of its ſubſtance. 

A ray of light 1s a continued ſtream of theſe 
particles, lowing from any viſible body in a 
ſtraight line: and that the particles themſelves 
are incomprehenſibly ſmall, is manifeſt from the 
following Experiment. Make a ſmall pin hole 
in a piece of black paper, and hold the 2 
upright on a table facing a row of candles ſtand- 
ing by one another; then place a ſheet of paſte- 
board at a little diſtance behind the paper, and 
ſome of the rays which flow from all the candles 
through the hole in the paper, will form as many 
ſpecks of light on the paſteboard, as there are 
candles on the table before the plate: each ſpeck The ama- 
being as diſtinct and clear, as if there was only 75. 

one ſpeck from one ſingle candle: which ſhews, of the 
that the particles of light are exceedingly ſmall, particles 
otherwiſe they could not paſs through the hole of light. 
from ſo many different candles without confu- 

ſion.— Dr. Niewentyt has computed, that there 

flows more than 6,000,000,000,000 times as 

O 4 many 
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many particles of light from a candle in oe 
ſecond of time, as there. are grains of ſand in the 
whole earth, ſuppoſing cach cubic inch of it to 
contain 1,000,000, 

Theſe particles, by falling directly upon ow 
eyes, Excite in our minds the idea of lipht, 
And when they fall upon bodies, and are theicby 
reflected to our eyes, they excite in us the idea 
of theſe bodies. And as every point of a viſible 
body reflects the rays of light in all manner of 
directions, every point will be viſible in every 
part to which the light is reflected from it, 
Thus the object A CB is viſible to an eye in ary 
part where the rays Aa, Ab, Ac, Ad, Ae, Be, 
Bb, Be, Bd, Be, and Ca, Cb, Cc, Cd, Ct, 
come. Here we have ſhewn the rays as if they 
were only reflected from the ends A and B, and 
from the middle point C of the object; every 
other point being ſuppoſed to reflect rays in the 
ſame manner. So that wherever a ſpectator 5 
placed with regard to the body, every point df 
that part of the ſurface which 1s toward him will 
be viſible, when no intervening object ſtops the 
paſſage of the light. 

As no object can be ſeen through the bore 
of a bended pipe, it is evident that the rays ot 
light move in ſtraight lines, while there is no- 
thing to refract or turn them out of their recti 
lineal courſe, | . 

While the rays of light continue in any“ me- 
dium of an uniform denſity, they are ſtraight; 
but when they paſs obliquely out of one medium 


into another, which js either more denſe or more 


* Any thing through which the rays of light can paß, is 
2 a medium; as air, water, glaſs, diamond, or ca 
vacuum. 
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rare, they are refracted toward the denſer me- 

dum: and this refraction is more or leſs, as the 

ravs fall more or leſs obliquely on the refracting 

ſurface which divides the mediums. 

To prove this by experiment, ſer the empty Fig. 2. 
veſſel ABC into any place where the ſun ſhines 
obliquely, and obſerve the part where the 
ſhadow of the edge BC falls on the bottom of 
the veſſel] at E; then fill the veſſel with water, 
and the ſhadow will reach no farther than e; 
which ſhews, that the ray a B E, which came 
ſtraight in the open air, juſt over the edge of the 
veſſel at B to its bottom at E, is refracted by 
falling obliquely on the ſurface of the water at Refracted 
B; and inſtead of going on in the rectilineal di- light. 
tection @ B E, it is bent downward in the water 
from B to e; the whole bend being at the ſur- 
ace of the water: and ſo of all the other rays 
ab c. | 

If a ſtick be laid over the veſſel, and the ſun's 
nys be reflected from a glaſs perpeidicularly into 
the veſſel, the ſhadow of the ſtick will fall upon 
tne ſame part of the bottom, whether the veſſel 
be empty or full, which ſhews, that the rays of 
light are not refracted when they fall perpendi- 
cularly on the ſurface of any medium. 

The rays of light are as much refracted by 
paſſing out. of water into air, as by pafling out 
ofair into water. Thus, if a ray of light flows 
from the point e, under water, in the direction 
eB; when it comes to the ſurface of the water 
at B, it will not go on thence in the rectilineal 
courſe B d, but will be refracted into the line Þ a. 
Therefore, 

Io an eye at e looking through a plane glaſs 
in the bottom of the empty veſſel, the point a 
fannot be ſeen, becauſe the fide B c of the veſſel 
4 inter- 
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interpoſes ; and the point 4 will juſt be ſeen over 
the edge of the veſſel at B. But if the veſſel be 
filled with water, the point @ will be ſeen from, 
and will appear as at 4, elevated in the direction 


| of the ray e B. 
The days 
are made Its rays 


longer by calculation. 
the retrac- 


tion of the 


way to us through water, yet they do through the 
air or atmoſphere, which being a groſſer medium 
than the free ſpace between the ſun and the top 
of the atmoſphere, the rays, by entering ob- 
liquely into the atmoſphere, are there refracted, 
and thence bent down to the earth. And al- 
though there are many places of the earth to 
which the ſun is vertical at noon, and conſe- 
quently his rays can ſuffer no refraction at that 
time, becauſe they come perpendicularly througi 
the atmoſphere: yet there 1s no place to which 
the ſun's rays do not fall obliquely on the top of 
the atmoſphere, at his riſing and ſetting; and 
conſequently, no clear day in which the fun wil 
not be viſible before he riſes in the horizon, and 
after he ſets in it: and the longer or ſhorter, 43 
the atmoſphere is more or leſs replete with va 
pours. For, let ABC be part of the earth“ 
ſurface, DEF the atmoſphere that covers It, 


Fig. 3. 


* Fence a piece of money lying at e, in the bottom of an 
empty veſſel, cannot be ſeen by an eye at a, becauſe the edge 
of the veſicl intervenes; but let the veſſel be filled with watet, 
and the ray e a being then refracted at B, will ſtrike the eye #t 
&, and fo render the money viſible, which will appear 2 tit 
were raiſed up to / in the line a B.. 


and 


T he time of ſun-riſing or ſetting, ſuppoſing 
ſuffered no refraction, is ealily found by 
But obſervation proves that the 
{un riſes ſooner, and ſets later every day than the 
ſun's rays, calculated time; the reaſon of which is plain 

from what was ſaid immediately above. For, 

though the ſun's rays do not come part of the 
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ind EBGH the ſenſible horizon of an obſerver 
at B. As every point of the ſun's ſurface - ſends 
out rays of light in all manner of directions, ſome 
of his rays will conſtantly fall upon, and enlighten, 
ſme half of the atmoſphere ; and therefore, when 


Ing the ſun is at J, below the horizon H, thoſe rays 
by which go on in the free ſpace 7 & & prelerve a 
the rectilineal courſe until they fall upon the top of 
the the atmoſphere, and thoſe which fall ſo about K, 


are refracted at their entrance into the atmol- 


in, 

or, phere, and bent down in the line K n B, to the 
he obſerver's place at B: and therefore, to him, the 
he ſun will appear at L, in the direction of the ray 
Im Bm K, above the horizon B G H, when he is 
Op really below 1t at J. 


tained between the ſame perpendicular, and the“ ν 


fame ray after reſraction, is called the angle of 
fraction. Thus, let LB M be the retracting 47g 9 
ſurface of a medium (ſuppoſe water) and A5 C refraction. 
a perpendicular to that ſurface: let D be a ray Fig. 4 
of light, going out of air into water at B, and 

therein refracted in the line BH; the angle ABD, 

b the angle of incidence, of which DF is the 


— 


lae; and the angle K BH is the angle of retrac- 
uon, whole. {ine is K J. ; 
When the retracting medium is water, the 
line of the angle of incidence is to the fine of the 
angle of refraction, as 4 to 3; which is confirmed 
dy the following experiment, taken irom Doctor 
Surrn's Optics. | 
Deſcribe the circle DAEC on a plain ſquare 
board, and croſs it at right angles with the 
fraight lines ABC, and LB .; then, from 
ile inter ſection A, with any opening of the com- 
Paſſcs, 
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- paſſes, ſet off the equal arcs AD and AE, any 
draw the right line DFE: then, taking Fe 
which is three quarters of the length FE, from 
the point a, draw & I parallel to A KX, and 
join K 7 parallel to BM: fo K will be equa 
to three quarters of FE or of DF. This done, 
| fix the board upright upon the leaden pedeſta 
| O, and ſtick three pins perpendicularly into the 
| board, at the points D, B, and 7: then ſet the 
board upright into the veſſel Y' UT, and fill up 
the veſſel with water to the line LB MH. When 
the water has ſettled, look along the line DB, 
fo as you may ſee the head of the pin B over the 
head of the pin D; and the pin J will appear in 
the ſame right line produced to G, for its head 
will be feen juſt over the head of the pin at B: 
which ſhews that the ray 7 B, coming from the 
pin at J, is ſo retracted at B, as to proceed from 
| flhence in the line BD to the eye of the obſerver; 
. the ſame as it would do from any point G in the 
| right line D BG, if there were no water in the 
veſſel: and alſo ſhews that K 7, the ſine of te- 
fraction in water, is to D, the ſine of incidence 
in air, as 3 to 4 *, 

Hence, if DB H were a crooked ſtick put 
obliquely into the water, it would appear 4 
ſtraight one, as D PG. Therefore, as the line 
B H appears at BG, fo the line B G will appear 
at Bg; and conſequently, a ſtraight ſtick D 
put obliquely into water, will ſeem bent at the 
ſurface of the water in B, and crooked, as D 5g. 

When a ray of light paſtes out of air into 
glaſs, the ſine of incidence is to the fine of te- 


— — m Ä Ä — 
— _— 


* This is ſtrictly true of the red rays only, for the other 
: coloured rays are differently refracted ; but the difference ! 
| fo ſmall, that ic need not be conſidered in this place. 


| ſraction, 
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damond, as 5 to 2. 


ſhapes at leaſt, for optical purpoſes, viz. 
1. A plane glaſs, which is flat on both ſides, 
and of equal thickneſs in all its parts, as A. 


and convex on the other, as B. 

3. A double convex, which is convex on both 
tides, as C. 

4. A plano-concave, which is flat on one fide, 
and concave on the other, as D. 

5. A double concave, which is concave on both 
fides, as E. | 

6. A meniſcus, which is concave on one ſide, 


ad 
B. add convex on the other, as F. 


7. A flat plane-convex, whoſe convex ſide is 
ground into ſeveral little flat ſurfaces, as G. 

8. A priſm, which has three flat ſides, and 
ven viewed endwiſe, appears like an equilateral 
tangle, as H. 

Glaſſes ground into any of the ſhapes, B, C, D, 
E F, are generally called /en/es. 

A right line L 1K, going perpendicularly 
tirough the middle of a lens, is called tbe axis 
of the lens. 


a plane glaſs E F, will paſs through the glaſs in 


Ir 

G the ſame direction h; i, and go out of it into tha 
e ur in the ſame right courſe i H. 

7, A ray of light A B, falling obliquely on a 
0 plane glaſs, will go out of the glaſs in the ſame 


direction, but not in the ſame right line; for in 
touching the glaſs, it will be retracted in the line 
BC, and in leaving the glaſs, it will be refracted 
u the line C D. 


A ray 


ation, as 3 to 2; and when out of air into a2 
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Glaſs may be ground into eight different Fig. 5. 


2. A plano-convex, which is flat on one ſide, Lenſes, 


A ray of light G b, falling perpendicularly on Fig. 6. 


203 


Fig. 7. 


Fig. 8. 
. e upon a plano-convex glaſs D E, and paſs through 
ES 0 
| ferent 
ante 


wx 
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A ray of light CD, falling obliquely on the 


middle of a convex glaſs, will go forward in the 
ſame direction D E, as if it had fallen with the 
ſame degree of obliquity on a plane glaſs; and 


will go out of the glaſs in the ſame direction 
with which it entered: for it will be equally re. 
fracted at the points D and E, as if it had paſſed 


through a plane ſurface. But the rays C G and 


C I will be ſo refracted, as to meet again at the 
point F, Theretore, all the rays which flow 
from the point C, ſo as to go through the glaßs, 
will meet again at F. and if they go farther 
onward, as to IL, they croſs at F, and go for- 
ward on the oppoſite ſides of the middle ray 
CDEF, to what they were in approaching it in 
the directions HF and K F. f 

When parallel rays, as AB C, fall directyy 


it, they will be fo refracted, as to unite in a 
point F behind it: and this point is called the 


principal focus: the diſtance of which, from the 


middle of the glaſs, is called the focal diſtance; 
which is equal to twice the radius of the ſphere 
of the glaſs's convexity. "And, 

When parallel rays, as ABC, fall directly 
upon a glais DE, which is equally convex on 
both ſides, and paſs through it; they will be 


refracted, as to meet in a point or principal focus 


„, whoſe diſtance is equal to the radius or. ſemi- 


diameter of the ſphere of the glaſs's convexitr. 
But if a glaſs be more convex on one {ide than 
on the other, the rule for finding the focal 
diſtance is this; as the ſum of the ſemidiameters 
of both convexities is to the ſemidiameter of 
either, ſo is double the ſemidiameter of tne 
other to the diſtance of che focus. Or, —_— 
tac 
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e double product of the radii by their ſum, 
id the quotient will be the diſtance ſought. 
Since all thoſe rays of the ſun which paſs 
rough a convex glaſs are collected together 
its focus, the force of all their heat is collected 
to that part; and is in proportion to the com- 
on heat of the ſun, as the area of the glaſs is to 
e area of the focus. Hence we ſee the reaſon 
iy a convex glaſs cauſes the ſun's rays to burn 
ter paſſing through it. 

All theſe rays croſs the middle ray in the focus 
ind then diverge from it, to the contrary ſides, 

the ſame manner F/ G, as they converged in 

e ſpace DFE in coming to it. 

If another glaſs F G, of the ſame convexity 
DE, be placed in the rays at the ſame diſ- 
ce from the focus, it will refract them fo, as 
t after going out of it, they will be all paral- 
as 4 h e; and go on in the ſame manner as 
ky came to the firit glaſs D E, through the 
wee A BC; but on the contrary ſides of the 
uddle ray BF. for the ray A DF will go on 
mf in the direction F G a, and the ray CE 
the direction FF; and ſo of the reſt, 

The rays diverge from any radiant point, as 
im a principal focus: therefore, if a candle be 
ced at , in the focus of the convex glaſs FG, 
diverging rays in the ſpace F/ G will be fo 
tacted by the glaſs, as, that after going out of 

RY OO become parallel, as ſhewn in the 
ECO. 

[ the candle be placed nearer the glaſs than its 
il diſtance, the rays will diverge after paſſing 
dugh the glaſs, more or leſs, as the candle is 
Ire or leſs diſtant from the focus. | 

if the candle be placed farther from the glaſs 
u its focal diſtance, the rays will conrinyo 
after 
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after paſſing through the glaſs; and meet in 4 
point which will be more or leſs diſtant from the 
glaſs, as the candle 1s nearer to, or farther from 
its focus, and where the rays meet, they will 
form an inverted image of the flame of the cm- 
dle; which may be ſeen on a paper placed in the 
meeting of the rays. | 

Hence, if any object A B C be placed beyond 
the focus # of the convex glaſs def, ſome of 
the rays which flow from every point of the 
object, on the fide next the glaſs, will fall upon 
it, and after paſſing through it, they will be 
converged into as many points on the oppoſite 
fide of the glaſs, where the image of every point 
will be formed: and conſequently, the image 
of the whole object, which will be inverted, 
Thus, the rays Ad, Ae, Af, flowing from the 
point A, will converge in the ſpace da, and bi 
meeting at a, will there form the image of the 
point A. The rays Bd, Be, By, flowing from 
the point B, will be united at & by the refrac- 
tion of the glaſs, and will there form the image 
of the point B. And the rays Cd, Ce, C, 
flowing from the point C, will be united at c 
where they will form the image of the point (. 
And ſo of all the other intermediate points be- 
tween A and C. The rays which flow from 
every particular point of the object, and ate 
united again by the glaſs, are called pencils if 


rays; 


If the object 4 B C be brought nearer to the 


glaſs, the picture a 5c will be removed to 3 
greater diſtance. For then, more rays flowing 
trom every ſingle point, will fall more divergiug 
upon the glaſs; and therefore cannot be ſo foo! 
collected into the correſponding points bel 


it. Conſequently, if the diſtance of the obj 


vhich they flow from. For, the different hu- 
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ABC be equal to the diſtance eB of the focus Fig. 2. 5 


of the glaſs, the rays of each pencil will be ſo | 


refracted by paſſing through the glaſs, that they 
will go out of it parallel to each other; as d 7, | 
H. Fb, from the point C; 4G, e K, FD, | ö 
from the point B; and 4 K, e E, FI, from the j 
point A. and therefore, there will be no picture 
formed behind the glals. 

If the focal diſtance of the glaſs, and the diſ- 
tance of the object from the glaſs, be known, the 
diſtance of the picture from the glaſs may be 
found by this rule, viz. multiply the diſtance of 
the focus by the diſtance of the object, and divide 
the product by their difference; the quotient will 
be the diſtance of the picture. 

The picture will be as much bigger or leſs Fig. 1. 
than the object, as its diſtance from the glaſs is 
greater or leſs than the diſtance of the object. 
For, as Be is to eb, fois AC to ca. So that 
it ABC be the object, ca will be the picture; 
or, if c be the object, ABC will be the 
picture. | 

Having deſcribed how the rays of light, low- The man. 
ng from objects, and paſſing through convex ner of 
glaſſes, are collected into points, and form the viſion. 
images of the objects; it will be ealy to under- 
ſtand how the rays are affected by paſting through 
tie humours of the eye, and are thereby collected 
into innumerable points on the bottom of the 
eye, and thereon — the images of the objects 


mours of the eye, and particularly tlie chryſtaline 
humour, are to be conſidered as a convex glaſs; 
and the rays in paſſing through them to be at- 
ſected in the ſame manner as in paſſing through 
« convex glaſs. 

7 The 
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The eye The eye is nearly globular. It conſiſts of 
2 three coats and three humours. The par 
8.3 DHHG of the outer coat, is called the ſcle- 
rotica, the reſt DEF G the cornea. Next within 
this coat is that called the choroides, which ſerves 
as if were for a lining to the other, and joins 
with the iris mn, mn. The iris is compoſed 
of two ſets of muſcular fibres ; the one of a cir- 
cular form, which contracts the hole in the mid. 
dle called the pupil, when the light would other. 
wiſe be too ſtrong for the eye; and the other 
of radical fibres, tending every where from the 
circumference of the iris toward the middle of 
the pupil; which fibres, by their contraction, 
dilate and enlarge the pupil when the light ö 
weak, in order to let in the more of its rays, 
The third coat 1s only a fine expanſion of the 
optic nerve L, which ſpreads like net-work all 
over the inſide of the choroides, and is therefore 
called the retina; upon which are painted (ast 
were) the images of all viſible objects, by the 
rays of light which either flow or are reflected 
from them. | 
Under the cornea is a fine tranſparent fluid, 
hke water, which is therefore called the agu, 
humour. It gives a protuberant figure to tit 
cornea, fills the two cavities mm and 7 n, which 
communicate by the pupil P, and has the ſane 
limpidity, ſpecific gravity, and refractive pore! 
as water. At the back of this lies the chryſalint 
humour II, which is ſhaped like a double con 
vex glaſs; and is a little more convex on tit 
back than the fore-part. It converges the rays, 
which paſs through it from every viſible objet 
to its focus at the bottom of the eye. Ti 
humour is tranſparent like chryſtal, is much of 
the conſiſtence of hard jelly, and exceeds ide 
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ſpecific grayity of water in the proportion of 
It is incloſed in a fine tranſparent 
membrane, from which proceed radial fibres 
9, called the ligamentum ciliare all around its 
edge; and join to the circumference of the iris. 
Theſe fibres have a power of contracting and 
dilating occaſionally, by which means they alter 
the ſhape or convexity of the chryſtalline hu- 
mour, and alſo ſhift it a little backward or for- 
ward in the eye, ſo as to adapt its focal diſtance 
at the bottom of the eye to the different diſtances 
of objects; without which proviſion, we could 
only ſee thoſe objects diſtin&y, that were all at 
one diſtance from the eye. 

At the back of the chryſtalline, lies the vitre- 
ous bumour K K, which is tranſparent like glaſs, 
and is largeſt of all in quantity, filling the whole 
orb of the eye, and giving it a globular ſhape. 
It is much of a conſiſtence with the white of an 
5 and very little exceeds the ſpecific gravity 

refractive power of water. 

As every point of an object ABC ſends out 
rays in all directions, ſome rays, from every 
point on the fide next the eye, will fall upon 
the cornea between E and F; and by paſling on 
through the humours and pupil of the eye, 
they will be converged to as many points on 
the retina or bottom of the eye, and will thereon 
form a diſtin& inverted picture c & of the ob- 
ject, Thus, the pencil of rays , that flows 
from the point A of the object, will be con- 
verged to the point 4 on the retina ; thoſe from 
the point B will be converged to the point 5; 
thoſe from the point C will be converged to the 

tc; and ſo of all the intermediate points: 
y which means the whole image @ 6c is formed, 


and the object made viſible ; although it muſt 
PF 2 be 
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be owned, that the method by which this ſenſa. 
tion is carried from the eye by the optic nerve 


to the common ſenſory in the brain, and there 
diſcerned, is above the reach of our compre. 
henſion. 

But that viſion is effected in this manner, may 
be demonſtrated experimentally. Take a bul. 
lock's eye while it is freſh, and having cut off 
the three coats from the back part, quite to the 
vitreous humour, put a piece of white paper 
over that part, and hold the eye toward any 
bright object, and you will fee an inverted pic- 
ture of the object upon the paper. 

Sceing the image is inverted, many have 
wondered why the object appears upright. But 
we are to conſider, 1. That inverted is only a 
relative term: and 2. That there is a very great 
difference between the real object and the means 
or image by which we perceive it. When all 
the parts of a diſtant proſpect are. painted upon 
the retina, they are all right with reipect to one 
another, as well as the parts of the proſpect 
itſelf; and we can only judge of an object's 
being inverted, when it is turned reverſe to its 
natural poſition, with reſpect to other object 
which we ſee and compare it with.—lf we hy 
hold of an upright ſtick in the dark, we can tell 
which is the upper or lower part of it, by mov- 
ing our hand upward or downward ; and knov 
very well that we cannot feel the upper end by 
moving our hand downward. Juſt fo we find 
by experience, that upon directing our ches 
toward a tall object, we cannot ſee its top by 
turning our eyes downward, nor its foot by 
turning our eyes upward ; but muſt trace the 
object the ſame way by the eye to ſee it from 


head to foot, as we do by the hand to feel it; 
1 To, an 
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and as the judgment is informed by the motion 

of the hand in one caſe, ſo it is alſo by the mo- 

tion of the eye in the other. 

In Fig. 4. is exhibited the manner of ſeeing Fig. 4. 
the ſame object ABC, by both the eyes D and 
Eat once. 15 

When any part of the image cd falls upon 
the optic nerve L, the correſponding part of the 
object becomes inviſible. On which account 
nature has wiſely placed the optic nerve of each 
eye, not in the middle of the bottom of the eye, 
but toward the ſide next the noſe; ſo that what- 
ever part of the image falls upon the optic nerve 
of one eye, may not fall upon the *optic nerve 
of the other. Thus the point @ of the image 
c' falls upon the optic nerve of the eye D, 
but not of the eye E; and the point e falls upon 
the optic nerve of the eye E, but not of the eye 
D: and therefore to both eyes taken together, 
the whole object A BC 1s viſible. 

The nearer that any object 1s to the eye, the Plate 
larger is the angle under which it is ſeen, and XVII. 
the magnitude under which it appears. Thus 8“ 
to the eye D, the object ABC is ſeen under the 
angle APC; and its image c is very large 
upon the retina : but to the eye E, at a double 
liſtance, the ſame object is ſeen under the angle 
4pC, which is equal only t6 half the angle 
ApC, as is evident by the figure. The image 
%a is likewiſe twice as large in the eye D, as 
the other image c à is in the eye E. In both 
tneſe repreſentations, a part of the image falls 
on the optic nerve, and the object in the corre- 
ponding part is inviſible. 

As the ſenſe of ſeeing is allowed to be occa- 
loned by the impulſe of the rays from the viſible 
Wet upon the retina of the eye, and forming 
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he will ſee the patches A and C, but the middle 
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the image of the object thereon, and that the re. 
tina is only the expanſion of the optic nerve all 
over the choroides ; it ſhould ſeem ſurpriſing that 
the part of the image which falls on the optic 
nerve ſhould render the like part of the object in- 
viſible ; eſpecially as that nerve 1s allowed to be 
the inſtrument by which the impulſe and image 
are conveyed to the common ſenſory in the bran, 
But this difficulty vaniſhes, when we conſider that 
there 1s an artery within the trunk of the optic 
nerve, which entirely obſcures the image in that 
part, and conveys no ſenſation to the brain, 
That the part of the image which falls upon 
the middle of the optic nerve is loſt, and conſe- 
quently the correſponding part of the object is 
rendered inviſible, is plain by experiment. For, if 
a perſon fixes three patches, A, B, C, horizontalhy, 
upon a white wall, at the height of the eye, and 
the diſtance of about a foot from each other, and 
places himſelf before them, ſhutting the right 
eye, and directing the left toward the patch C 


patch B will diſappear. Or, if he ſhuts his [ett 
eye, and directs the right toward A, he will {ee 
both 4 and C, but B will diſappear ; and if he 
directs his eye toward B, he will ſee both B ud 
A, but not C. For whatever patch is direct 
oppoſite to the optic nerve NM, vaniſhes. Tis 
requires a little practice, after which he will find 
it eaſy to direct his eye, ſo as to loſe the ſight of 
which ever patch he pleaſes, | | 
We are not commonly ſenſible of this diſap- 
pearance, becauſe the motions of the eye e 
ſo quick and inſtantaneous, that we no ſooner 
loſe the ſight of any part of an object, than de 
recover it again; much the ſame as in ide 


twinkling of our eyes, for at each twinkling ” 


Of Optics. 


are blinded ; but it is ſo ſoon over, that we are 
| ſcarce ever ſenſible of it. 

Some eyes require the aſſiſtance of convex Fig. 4. 
glaſſes to make them ſee objects diſtinctly, and My 
others of concave. If either the cornea abc or qui. 
chryſtalline humour e, or both of them, be too ſpectacles. 
flat, as in the eye A, their focus will not be on 
the retina, as at 4, where it ought to be, in or- 
der to render viſion diſtin&t ; but beyond the 
eye, as at J. Conſequently thoſe rays which 
flow from the object C, and paſs through the 
humours of the eye, are not converged enough 
to unite at 4; and therefore the obſerver can 
have but a very indiſtinct view of the object. 
This is remedied by placing a convex glaſs g 
before the eye, which makes the rays converge 
ſooner, and imprints the image duly on the re- 
tina at d. 

If either the cornea, or chryſtalline humour, 
or both of them, be too convex, as in the_eye 
f, the rays that enter in from the object C, will 
be converged to a focus in the vitreous humour, 
as at f; and by diverging from thence to the 
retina, will form a very confuſed image thereon : 
and ſo, of courſe, the obſerver will have as con- 
fuſed a view of the object, as if his eye had been 
too flat. This inconvenience is remedied by 
placing a concave glaſs g h before the eye; which 

glaſs, by cauſing the rays to diverge between it 
and the eye, lengthens the focal diſtance ſo, that 
if the glaſs be properly choſen, the rays will 
unite at the retina, and form a diſtinct picture 
of the object upon it. | 

Such eyes as have their humours of a due 
convexity, cannot fee any object diſtinctly at a 
leſs diſtance than ſix inches; and there are 
numberleſs objects too ſmall to be ſcen at that 
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diſtance, becauſe they cannot appear under any 
ſenſible angle. The method of viewing fuch 
minute objects is by a microſcope, of which there 

| are three forts, viz. the ſingle, the double, and 
the ſolar. 


Fig. 9. The ingle microſcope, is only a ſmall convex 
Ihe Angle glaſs, as cd, having the object ab placed in its 


"uk O pt 
micriſcope. focus, and the eye at the fame diſtance on the 


other fide; ſo that the rays of each pencil, flow. 
ing from every point of the object on the ſide 
next the glaſs, may go on parallel in the ſpace 
between the eye and the glaſs; and then, by 
entering the eye at C, they will be converged to 
as many different points on the retina, and form 
a large inverted picture AB upon it, as in the 
figure. 

To find how much this glaſs magnifies, divide 
the leaſt diſtance (which is about ſix inches) at 
which an object can be ſeen diſtinctly with the 
bare eye, by the focal diſtance of the glaſs; and 
the quotient will ſhew how much the glaſs mag- 

mies the diameter of the object. 
Fig. 6. The double or compound microſcope, conſiſts of 
eg an object-glaſs cd, and an eye-glaſs ef. The 
ee. mail object 4% is placed at a little greater dil- 
tance from the glaſs c than its principal focus, 
ſo that the pencils of rays flowing from the dit- 
ſerent points of the object, and paſſing through 
the glaſs, may be made to converge and unit 
in as many points between g and þ, where the 
image of the object will be formed: which 
image is viewed by the eye through the eye- 
glaſs ef. For the eye glaſs being ſo placed, 
that the image g h may be in its focus, and the 
eye much about the ſame diſtance on the other 
ſide, the rays of each pencil will be parallel, 


after going out of the eye-glaſs, as at e and f 
t 
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till they come to the eye at &, where they will 
begin to converge by the refractive power of 
the humours ; and after having croſſed each 
other in the pupil, and paſſed through the chryſ- 
talline and vitreous humours, they will be col- 
ected into points on the retina, and form the 
large inverted image AB thereon. 

The magnifying power of this microſcope is 
2s follows. Suppoſe the image g to be ſix 
times the ' diſtance of the object 4 from the 
ohject-glaſs c 4; then will the image be fix times 
the length of the object: but ſince the image 


eſs diſtance than ſix inches, if it be viewed by 
an eye-glaſs ef, of one inch focus, it will thereby 
be brought ſix times nearer the eye; and conſe- 
quently viewed under an angle fix times as large 
23 before; ſo that it will be again magnified ſix 
times: that is, ſix times by the object- glaſs, and 
ſx times by the eye-glaſs, which multiplied into 
one another, makes 36 times; and ſo much is 
the object magnified in diameter more than what 
it appears to the bare eye; and conſequently 
36 times 36, or 1296 times in ſurface. 

But becauſe the extent or field of view is 
very ſmall in this microſcope, there are gene- 
rally two eye-glaſſes placed ſometimes cloſe 
together, and ſometimes an inch aſunder ; by 
which means, although the object appears leſs 
magnified, yet the viſible area 1s much enlarged 
by the interpoſition of a ſecond eye- glaſs ; and 
conſequently a much pleaſanter view is ob- 
tained, 

The folar microſcope, invented by Dr. Lie- 
burkbun, is conſtructed in the following manner. 
Having procured a very dark room, let a round 
hole be made in the window-ſhutter, about three 

n inches 
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could not be ſeen diſtinctly by the bare eye at a 


F ig. 7. 
The ſolar 
micrſcope. 
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inches diameter, through which the ſun may cat 
a cylinder of rays AA into the room. In this 
hole place the end of a tube, containing two 
convex glaſſes and an object, viz. 1. A conver 
glaſs a a, of about two inches diameter, and three 
inches focal diſtance, is to be placed in that end 
| of the tube which is put into the hole. 2. The 
| object bb, being put between two glaſſes (which 
2 muſt be concave to hold it at liberty) is placed 
about two inches and a half from the glaſs 44. 
3. A little more than a quarter of an inch from 
the object is placed the ſmall convex glaſs 6, 
whoſe focal diſtance 1s a quarter of an inch. 
The tube may be ſo placed, when the ſun i; 
low, that his rays AA may enter directly int 
it: but when he is high, his rays BB muſt be 
reflected into the tube by the plain mirror or 
looking-glaſs CC. | 
Things being thus prepared, the rays that enter 
the tube will be conveyed by the glaſs 4 à toward 
the object 4b, by which means it will be ſtrongly 
illuminated; and the rays 4 which flow from tt, 
through the magnifying ou cc, will make 2 
large inverted picture of the object at DH, 
which, being received on a white paper, will x- 
preſent the object magnified in length, in pro- 
portion of the diſtance of the picture from the 
glaſs cc, to the diſtance of the object from the 
| ſame glaſs. Thus, ſuppoſe the diſtance of the ob- 
| ject from the glaſs io be ; parts of an inch, and 
| the diſtance of ti e diſtinct picture to be 12 feet 
or 144 inches, in which there are 1440 tenths oi 


an inch; and this number divided by 3 tenths, 
gives 480; which is the number of times the 
picture is longer or broader than the object; 
| | the length multiplied by the breadth, ſhews how 


much the whole ſurface is magnified, | 
Before 
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Before we enter upon the deſcription of tele- Tel/coper. 


ſcopes, it will be proper to ſnew how the rays 
of light are affected by paſſing through concave 
glaſſes, and alſo by falling upon concave mir- 
rors. 


When parallel rays, as ade g b, paſs Plate 
directly through a glaſs AB, which is equally XVIII. 
concave on both ſides, they will diverge after Fig. 1. 


paſſing through the glaſs, as if they had come 


from a radiant point C, in the center of the 


glaſs's concavity ; which point is called the ne- 
gative or virtual focus of the glaſs. Thus the 
ray a, after paſſing through the glaſs AB, will 
o on in the direction &, as if it had proceeded 
* the point C, and no glaſs been in the way. 
The ray + will go on in the direction n; the 
ray c in the direction op, &c.—The ray C, that 
falls directly upon the middle of the glaſs, ſuf- 
fers no refraction in paſſing through it; but goes 
on in the ſame rectilineal dire tion, as if no glaſs 
had been in its way. 
If the glaſs had been concave only on one ſide, 
and the other ſide quite plane, the rays would 
have diverged, after paſſing through it, as if th 


had come from a radiant point at double the diſ- 


tance of C from the glaſs ; that is, as if the ra- 
diant had been at the diſtance of a whole dia- 
meter of the glaſs's concavity. 

If rays come more converging to ſuch a glaſs, 
than parallel rays diverge 5 paſſing through 
it, they will continue to converge after paſſing 
through it; but will not meet 4 ſoon as if no 
glaſs had been in the way ; and will incline to- 
ward the fame ſide to which they would have 
diverged, if they had come parallel to the glaſs: 
Thus the rays F and 5, going in a convergin 
ſtate toward the edge of the glaſs at B, an 

| con- 
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converging more in their way to it than the pa. 
rallel rays diverge after paſſing through it, they 
will go on converging after they paſs through it, 
though in a leſs degree than they did before, and 
will meet at 7: but if no glaſs had been in their 
way, they would have met at i. 

When the parallel rays, as df a, Cm b, ele, 
fall upon a concave mirror 4 B (which is not 
tranſparent, but has only the ſurface Ag of 
a clear poliſh) they will be reflected back from 
that mirror, and meet in a point , at half the 
diſtance of the ſurface of the mirror from C 
the center of its cqncavity : for they will be 
reflected at as great an angle from the perpendi. 
cular to the furface of the mirror, as they fell 
upon it, with regard to that perpendicular; but 
on the other ſide thereof. Thus, let C be the 
center of concavity of the mirror A B, and 
let the parallel rays df a, Cm, and e Ic, fall 
upon it at the points a4, and c. Draw the 
lines Ci a, Cms, and Ch c, trom the center C 
to theſe points; and all theſe lines will be per- 
pendicular to the ſurface of the mirror, becauſe 
they proceed thereto like ſo many radii or ſpokes 
from its center. Make the angle Ca h equal 
to the angle 4a C, and draw the line amb, 
which will be the direction of the ray df a, after 
it is fe flected from the point @ of the mirror: ſo 


that the angle of incidence da C, is equal to the 


angle of reflection Cab; the rays making equal 
angles with the perpendicular Ci a on its oppo- 
ſite ſides, | 
Draw alſo the perpendicular Ch c to the point 
c, Where the ray e Ic touches the mirror; and, 
having made the angle C ci, equal to the angle 
Cece, draw the line cmi, which will be ” 
courſe 
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courſe of the ray elc, after it is reflected from 
the mirror. 

The ray Cmb paſſes through the center of 
concavity of the mirror, and falls upon it at 
„ the perpendicular to it; and is therefore re- 
teted back from it in the ſame line & m C. 

All theſe reflected rays meet in the point m; 
ad in that point the image of the body chich 
emits the parallel rays 4@, C5, and ec, will be 
formed : which point is diſtant from the mir- 
ror equal to half the radius þ % C of its con- 
cavity. 

The rays which proceed from any celeſtial 
object may be eſteemed parallel at the earth; 
nd therefore, the images of that object will be 
formed at m, when the reflecting farſace of the 
concave mirror is turned directly toward the 
objet. Hence, the focus m of parallel rays 
b not in the center of the mirror's concavity, 
but half way between the mirror and that 
center. 

The rays which proceed from any remote 
terreſtrial object, are nearly parallel at the mir- 
ror; not ſtrictly ſo, but come diverging to it, 
In ſeparate pencils, or, as it were, bundles of 
rays, from each point of the ſide of the object 
next the mirror: and therefore they will not 
be converged to a point, at the diſtance of half 
he radius of the mirror's concavity from its 
reflecting ſurface ; but into ſeparate points at a 
little greater diſtance from the mirror. And 
the nearer the object is to the mirror, the far- 
ther theſe points will be from it; and an in- 
rerted image of the object will be formed in 
them, which will ſeem to hang pendent in the 
ur; and will be ſeen by an eye placed beyond 


0 (with regard to the mirror) in all reſpe ds 
like 
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like the object, and [as diſtin& as the objed 
itſelf. 

Let Ac be the reflecting ſurface of a mi- 
ror, whoſe center of concavity is at C; and 
let the upright object DE be placed beyond the 
center C, and ſend out a conical pencil of d. 
verging rays from its upper extremity D, tg 
every point of the concave ſurface of the mir. 
ror Ac B. But to avoid confuſion, we only 
draw three rays of that pencil, as D A, De 
DB. 

From the center of concavity C, draw the 
three right lines CA, Cc, CB, touching tte 
mirror in the ſame points where the foreſaid n 
touch it; and all theſe lines will be perpend- 
cular to the ſurface of the mirror. Make the 
angle C Ad equal to the angle DAC, and dry 
the right line Ad for the courſe of the refleded 
ray D A: make the angle Ccd equal to tie 
angle Dc C, and draw the right line c for the 
courſe of the reflected ray Dd: make allo th 
angle C B 4 equal to the angle DB C, and dra 
the right line B A for the courſe of the refledit 
ray DB. All theſe reflected rays will meet 
the point 4, where they will form the extreny 
d of the inverted image e d, ſimilar to the exi- 
mity D of the upright object DE. 

If the pencils of rays Ef, Eg, E b, be il 
continued to the mirror, and their angles of t 
fiction from it be made equal to their angled 
incidence upon it, as in the former pencil rt 
D, they will all meet at the point e by refledin 

F the image e d, (il 
lar to the extremity E of the object DE. 

And as each intermediate point of the obj; 
between D and E, ſends out a pencil of ray! 
like manner to every part of the mirror, ® 

: i 


fays 
it, al 
tee! 
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Nys of each pencil will be reflected back from 
it; and meet in all the intermediate points be- 
tween the extremities e and 4 of the image; and 
o the whole image will be formed, not at i, 
half the diſtance of the mirror from its center of i 
concavity C; but at a greater diſtance, between 1 
and the object DE; and the image will be in- 1 
yerted with reſpect to the object. 1 
This being well underſtood, the reader will 40 
eaily fee how the image is formed by the large [| 
concave mirror of the reflecting teleſcope, ; 
when he comes to the deſcription of that inſtru- W 
ment. 1 
When the object is more remote from the il 
mirror than its center of concavity C, the 
image will be leſs than the object, and between 
the object and mirror: when the object is nearer _ 
than the center of concavity, the 1mage will be N 
more remote and bigger than the object: thus, 4 
if DE be the object, ed will be its image; for, 9 
s the object recedes from the mirror, the | | 
image approaches nearer to it; and as the ob- 
ect approaches nearer to the mirror, the image | 
recedes farther from it; on account of the leſſer 1 
or greater divergency of the pencils of rays bt 
which proceed from the object; for, the leſs N 
they diverge, the ſooner they are converged to 
points by reflection; and the more they di- 


of verge, the farther they muſt be reflected before 
les hey meet. | 

frog If the radius of the mirror's concavity and 
d the diſtance of the object from it be known, the 


liſtance of the image from the mirror is found 
by this rule: divide the product of the diſ- 
tance and radius by double the diſtance made 
leſs by the radius, and the quotient is the diſ- 
tance required, | I 
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If the object be in the center of the mirroy's 
concavity, the image and object will be coinci. 
dent, and equal in bulk. 

If a man places himſelf directly before a large 
concave mirror, but farther from it than ir; 
center of concavity, he will ſee an inverted 
image of himſelf in the air, between him and 
the mirror, of a leſs ſize than himſelf, And 
if he holds out his hand toward the mirror, 
the hand of the image will come out toward 
his hand, and coincide with it, of an equal 
bulk, when his hand is in the center of conca- 
vity ; and he will imagine he may ſhake hands 
with his image. If he reaches his hand farther, 
the hand of the image will paſs by his hand, and 
come between his hand and his body: and if he 
moves his hand toward either ſide, the hand of 
the image will move toward the other; ſo that 
whatever way the object moves, the image wil 
move the contrary way. 

All the while a by-ſtander will ſee nothing of 
the image, becauſe none of the reflected rays that 
form it enter his eyes. 

If a fire be made in a large room, and a 
ſmooth mahogany table be placed at a good 
diſtance near the wall, before a large concave 
mirror, ſo placed, that the light of the fir 
may be reflected from the mirror to its focus 
upon the table; if a perſon ſtands by the table 
he will ſee nothing upon it but a longiſh bean 
of light: but if he ſtands at a diſtance toward 
the fire, not directly between the fire and mi- 
ror, he will ſee an image of the fire upon tit 
table, large and crect. And if another ptr 
ſon, who knows nothing of this matter befor 
hand, ſhould chance to come into the room, 
and ſhould look from the fire toward the tab., 


he 
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he would be ſtartled at the appearance; for the 


table would ſeem to be on fire, and by being 


near the wainſcot, to endanger the whole houſe. 
In this experiment there ſhould be no light in the 
room, but what proceeds from the fire; and the 
mirror ought to be at leaſt fifteen inches in dia- 
meter, | 

If the fire be darkened by a ſcreen, and a 
large candle be placed at the back of the ſcreen 
a perſon ſtanding by the candle will ſee the 
appearance of a fine large ſtar or rather planet, 
upon the table, as bright as Venus or Jupiter. 
And if a ſmall wax taper (whoſe flame is much 
leſs than the flame of the candle) be placed near 
the candle, a ſatellite to the planet will appear 
on the table: and if the taper be moved round 
the candle, the ſatellite will go round the planet. 

For theſe two pleaſing experiments, I am in- 
debted to the late reverend Dr. LoN o, Lowndes's 
profeſſor of aſtronomy at Cambridge, who fa- 
voured me with the ſight of them, and many 
more of his curious inventions. 


In a refraing teleſcope, the glaſs which is neareſt The r-- 
the object in viewing it, is called the obje#-glaſs ; Trading 


teleſcopes 


and that which is neareſt the eye, is called the 
eye-glaſs. The objeft-glaſs muſt be convex, but 
the eye-glaſs may be either convex or concave : 
and generally, in looking through a teleſcope, 
the eye is in the focus of the eye-glaſs; though 
that is not very material: for the diſtance of the 
eye, as to diſtinct viſion, is indifferent, provided 
the rays of the pencils fall upon it parallel: 
only the nearer the eye is to the end of the tele- 
cope, the larger is the ſcope or area of the field 


of view. 


and have its focus at E. Then, a pencil of rays 


2 3 1, 


Let cd be a convex-glaſs fixed in a long tube, Fig. 4. 


227 


„— — ——— — — gr rr OY CO e 


428 


g Bi, flowing from the upper extremity A of the 
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remote object 4 B, will be ſo refracted by paſſing 
through the glaſs, as to converge and meet in 
the point f; while the pencil of rays & I m flow. 


ing from the lower extremity B, of the ſame ob- 


ject AB, and paſſing through the glaſs, will con- 
verge and meet in the point e: and the images 
of the points A and B, will be formed in the 
points F and e. And as all the intermediate 
points of the object, between A and B, fend out 
pencils of rays in the ſame manner, a ſufficient 
number of theſe pencils will paſs through the 
object glaſs c d, and converge to as many inter- 
mediate points between e and /; and ſo will form 
the whole inverted image e E /, of the diſtinqt 
object. Bur becauſe this image is ſmall, a con- 
cave glaſs 7 0 is ſo placed in the end of the tube 
next the eye, that its virtual focus may be at F, 
And as the rays of the pencils paſs converging 
through the concave glaſs, but converge leſs after 
paſſing through it than before, they go on fur- 
ther, as to þ and a, before they meet; and the 
pencils themſelves being made to diverge by 
paſſing through the concave glaſs, they enter 
the eye, and form the large picture 4 6 upon 
the 'retina, whereon it is magnified under the 
ang b F a. 

ut this teleſcope has one inconveniency which 
renders it unfit for moſt purpoſes, which is, that 
the pencils of rays being made to diverge by 
paſting through the concave glaſs 1 o, very fv 
of them can enter the pupil of the eye; and 
therefore the field of view is but very ſmall, & 
ts evident by the figure. For none of the per 

cils which flow either from the top or bottom 
the object AB can enter the pupil of the cye 4 
C but are all ſtopt by falling upon = 1 
3 $007 


e 
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above and below the pupil: and therefore, only 


the middle part of the object can be ſeen when 
the teleſcope lies directly toward it, by means 


of thoſe rays which proceed from the middle of 


the object. So that to ſee the whole of it, the 
teleſcope muſt be moved upward and downward, 
unleſs the object be very remote; and then it is 
never ſeen diſtinctly. 
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This inconvenience is remedied by ſubſtitut- Fig. 5+ 


ing a convex eye-glaſs, as g , in place of the 
concave one; and fixing it ſo in the tube, that 
its focus may be coincident with the focus of the 
object-glaſs c d, as at E. For then, the rays 
of the pencils flowing from the object AB, and 
paſſing through the object-glaſs c d, will meet in 
its focus, and form the inverted image m ZE p - 
and as the image is formed in the focus of the 
eye-glaſs g h, the rays of each pencil will be pa- 
rallel, after paſſing through that glaſs; but the 
pencils themſelves will croſs in its focus, on the 
other ſide, as at e: and the pupil of the eye 
being in this focus, the image will be viewed 
through the glaſs, under the angle £49! and 
being at E, it will appear magnified, ſo as to fill 
the whole ſpace CmepD. | 
But, as this teleſcope inverts the image with 
reſpect to the object, it gives an unpleaſant view 
of terreſtrial objects; and is only fit for viewing 
the heavenly bodies, in which we regard not their 
poſition, becauſe their being inverted does not 
appear, on account of their being round. But 
whatever way the object ſeems to move, this tele- 
{cope muſt be moved the contrary way, in order 


to keep ſight of it; for, ſince the object is in- 


verted, its motion will be ſo too. 
The magnifying power of this teleſcope is, 
as the focal diſtance of the object- glaſs to the 


9 Q 2 focal 
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focal diſtance of the eye-glaſs. Therefore, if the 
former be divided by the latter, the quotient will 
expreſs the magnifying power. 

When we ſpeak of magnifying by a teleſcope 
or microſcope, it 1s only meant with regard to the 
diameter, not to the area or ſolidity of the object. 


But as the inſtrument magnifies the vertical dia- 


meter, as much as it does the horizontal, it is 
eaſy to find how much the whole viſible area or 
ſurface is magnified: for, if the diameters be 
multiplied into one another, the product will ex- 
preſs the magnification of the whole viſible area, 
Thus, ſuppoſe the focal diſtance of the objed. 
glaſs be ten times as great as the focal diſtance of 
the eye-glaſs; then, the object will be magnified 
ten times, both in length and breadth : and 10 
multiplied by 10, produces 100; which ſhews 
that the area of the object will appear 100 times 
as big when ſeen through ſuch a teleſcope, as it 
does to the bare eye, 

Hence it appears, that if the focal diſtance of 
the eye-glaſs, were equal to the focal diſtance of 
the object- glaſs, the magnifying power of the 
teleſcope would be nothing. 

This teleſcope may be made to magnify in any 
given degree, provided it be of a ſufficient length, 
For, the greater the focal diſtance of the object 
glaſs, the leſs may be the focal diſtance of the eyc- 


glaſs; though not directly in proportion. Thus, 


an object-glaſs of 10 feet focal diſtance, will a- 
mit of an eye-glaſs whoſe focal diſtance is little 
more than 23 inches; which will magnify near 45 
times: but an object-glaſs, of 100 feet focus, vil 
require an eye- glaſs ſomewhat more than 6 inches 
and will therefore magnify almoſt 200 times. 
A teleſcope for viewing terreſtrial objects, ſhould 
be ſo conſtructed, as to ſhew them in their natur 
poſture, 
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poſture. And this is done by one obje&-glaſs Fig. 6. 


cd, and three eye-glaſſes e ,, g Þ, i k, fo placed, 
that the diſtance between any two, which are 
neareſt to each other, may be equal to the ſum 
of their focal diſtances; as in the figure, where 
the focus of the glaſſes c and e f meet at F, 
thoſe of the glaſſes ef and g h meet at , and of 
gb and i k, at m; the eye being at », in or near 
the focus of the eye-glaſs i k, on the other fide. 
Then, it 1s plain, that theſe pencils of rays, which 
flow from the object AB, and paſs through 
the object-glaſs c 4, will meet and form an in- 
verted image CFD in the focus of that glaſs; 
and the image being alſo in the focus of the glaſs 
ef, the rays of the pencils will become parallel, 
after paſſing through that glaſs, and croſs at /, 
in the focus of the glaſs e f; from whence they 
paſs on to the next glaſs g , and by going 
through it they are converged to points in its 
other focus, where they form an erect image 
En F, of the object AB: and as this image is 
alſo in the focus of the cye-glaſs i &, and the eye 
on the oppoſite ſide of the ſame glaſs; the image 
i viewed through the cye-glaſs in this teleſcope, 
in the ſame manner as through the eye-glaſs in 
the former one; only in a contrary poſition, that 
, in the fame poſition with the object. 

The three glaſſes next the eye, have all their 
focal diſtances equal: and the magnifying power 
of this teleſcope is found the ſame way as that of 
the laſt above; viz. by dividing the focal diſtance 
of che obje&t-glaſs c d, by the focal diſtance of 
the eye-glaſs ik, or g h, or ef, ſince all theſe 
three are equal. 

When the rays of light are ſeparated by re- 
faction, they become coloured, and if they be 
united again, they will be a perfect white. But 

Q 3 thoſe 
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Why the thoſe rays which paſs through a convex glaſs, 
_ I near its edges are more unequally refracted than 
Foored, thoſe which are nearer the middle of the glaſs, 
when ſeen And when the rays of any pencil are unequally 
through a refracted by the glaſs, they do not all meet 
NC. again in one and the ſame point, but in ſeparate 
points; which makes the image indiſtinct, and 
coloured, about its edges. The remedy is, te 
have a plate with a ſmall round hole in its mid- 
dle, fixed in the tube at m, parallel to the glaſſes, 
For, the wandering rays about the edges of the 
glaſſes will be ſtopt, by the plate, from coming 
to the eye: and none admitted but thoſe which 
come through the middle of the glaſs, or at leaſt 
at a good diſtance from its edges, and paſs through 
the hole in the middle of the plate. But this 
circumſcribes the image, and leſſens the field of 
view, which would be much larger if the plate 
could be diſpenſed with. 
Ther- The great inconvenience attending the ma- 
feting nagement of long teleſcopes of this kind, has 
7c! brought them much into diſuſe ever ſince the 
refletmg teleſcope was invented. For one of this 
ſort, ſix feet in length, magnifies as much as one 
of the other an hundred feet. It was invented by 
Sir Jaac Newton, but has received conſiderable 
improvements ſince his time; and 1s now gene- 
rally conſtructed in the following manner, which 
was firſt propofed by Dr, Gregory. | 
Fig. 7. At the bottom of the great tube 7 TTT is 
placed the large concaye mirror D U Y F, whole 
principal focus is at m; and in its middle is 4 
round hole P, oppoſite to which is placed the 
ſmall mirror Z, concave toward the great one; 
and ſo fixed to a ſtrong wire M, that it may 
be moved farther from the great mirror, ot 
nearer to it, by means of a long ſcrew on the 
| . out- 
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outſide of the tube, keeping its axis ſtill in the 
ſame line PM with that of the great one.— 
Now, ſince in viewing a very remote object, we 
can ſcarce ſee a point of it but what is at leaſt as 
broad as tne great mirror, we may conſider the 
rays of each pencil, which flow from every point 
of the object, to be parallel to each other, and 
to cover the whole reflecting ſurface DUY F. 
But to avoid confuſion in the figure, we ſhall 
only draw two rays of a pencil flowing from each 
extremity of the object into the great tube, and 
trace their progreſs, through all their reflections 


ſmall tube 77, which is joined to the great one. 
Let us then ſuppoſe the object A B to be at 


ſuch a diſtance, that the rays C may flow from 


its lower extremity B, and the rays E from its 


upper extremity A4. Then the rays C falling 


parallel upon the great mirror at D, will be 
thence reflected, converging in the direction 
DG; and by croſſing at J in the principal focus 
of the mirror, they will form the upper extre- 
mity Jof the inverted image IX, ſimilar to the 
lower extremity B of the object A B: and paſ- 
ſing on to the concave mirror L (whoſe focus is 
at u) they will fall upon it at g, and be thence re- 
flected converging in the direction g NM, becauſe 


gm is longer than g u; and paſſing through the 


hole P in the large mirror, they would meet 


ſome where about r, and form the lower extremity 


b of the erect image à 5, ſimilar to the lower ex- 
tremity B of the object A B. But by paſling 
through the plano-convex glaſs R in their way, 
they form that extreraity of the image at 5. 
In like manner, the rays E, which come from the 
top of the object A B, and fall parallel upon the 
great mirror at F, are thence reflected converg- 


24 ing 


and re fractions, to the eye 7, at the end of the 
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ing to its focus, where they form the lower ex- 
tremity K of the inverted image IX, ſimilar to 
the upper extremity A of the object A B; and 
thence paſſing on to the ſmall mirror L, and 
falling upon it at , they are thence reflected in 
the converging ſtate O; and going on through 
the hole P of the great mirror, they will meet 
ſomewhere about g, and from there the upper 
extremity à of the erect image @ b, ſimilar to the 
upper extremity A of the object AB: but by 
paſſing through the convex glaſs R in their way. 
they meet and croſs ſooner, as at a, where that 
pw of the erect image is formed, —The like 
eing underſtood of all thoſe rays which flow 
from the intermediate points of the object, be- 
tween A and B, and enter the tube 77; all the 
intermediate points of the image between à and 
þ will be formed: and the rays paſſing on from 
the image through the eye-glaſs S, and through 
a ſmall hole e in the end of the leſſer tube 77, 
they enter the eye /, which ſees the image ab 
(by means of the eye-glaſs) under the large 
angle c e d, and magnified 1n length, under that 
angle from c to d. | 
In the beſt reflecting teleſcopes, the focus of 
the ſmall mirror is never coincident with the 
focus m of the great one, where the firſt image 
TK is formed, but a little beyond it (with reſpect 
to the eye) as at , the conſequence of which is, 
that the rays of the pencils will not be parallel 
after reflection from the ſmall mirror, but con- 
verge fo as to meet in points about 3, e, r; where 
they will form a larger upright image than a 5, 
if the glaſs R was not in their way; and this 
image might be viewed by means of a ſingle 
eye-glaſs properly placed between the image and 
the eye: but then the field of view * . 
| cls, 
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k6, and conſequently not fo pleaſant; for which 
| raſon, the glaſs R is {M] retained, to enlarge the 
| cope or area of the field. 4 
| To find the magnifying power of this tele- 
| tope, multiply the focal diſtance of the great 
| ro 


nirror by the diſtance of the ſmall mirror from 
he image next the eye, and multiply the focal 
litance of the ſmall mirror by the focal diſtance 
of the eye-glaſs: then, divide the product of 
he former multiplication by the product of the 
ter, and the quotient will expreſs the maghi- 


| hing power. 
[ ſhall here ſet down the dimenſions of one of 
N Mr. Short's reflecting teleſcopes, as deſcribed in 


Dr. Smith's Optics. 
The focal diſtance of the great mirror 9.6 
] nches, its breadth 2.3; the focal diſtance of the 
1 mall mirror 1.5, its breadth 0.6: the breadth 
1 ab the hole in the great mirror o. 5; the diſtance 
- between the ſmall mirror and the next eye-glaſs 
þ 14.2; the diſtance between the two eye-glaſſes 
e 14; the focal diſtance of the eye-glaſs next the | 
t metals 3.8; and the focal diſtance of the eye- | 
plas next the eye 1. 1. wah 


| | 
f One great advantage of the reflecting tele- | 
0 cope is, that it will admit of an eye-glaſs of a | | q 
e nuch ſhorter focal diſtance than a refracting it 
t rleſcope will; and, conſequently, it will mag- 1 
„ fy ſo much the more: for the rays are not co- | 
] bured by reflection from a concave mirror, if it 

e ground to a true figure, as they are by paſſing 

e rough a convex-glaſs, let it be ground ever ſo | "n 
„ re. 51 in 
is The adjuſting ſcrew on the outſide of the | 
ie great tube fits this teleſcope to all ſorts of eyes, 

d bringing the ſmall mirror either nearer to io 
© ſie eye, or removing it farther; by which bl 
"WE. | means, | 


hide part (if not the whole) of the object from 
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means, the rays are made to diverge aà little fox 
ſhort-ſighted eyes, or tosconverge for thoſe of x 
long ſight. 

The nearer an object is to the teleſcope, the 
more its pencils of rays will diverge before they 
fall upon the great mirror, and therefore they 
will be the longer of meeting in points after re. 
flection; ſo that the firſt image 7K will be 
formed at a greater diſtance from the large mir. 
ror, when the object is near the teleſcope, than 
when it is very remote. But as this image muſt 
be formed farther from the ſmall mirror than its 
principal focus x, this mirror muſt be always ſet 
at a greater diſtance from the large one, in view. 
ing near objects, than in viewing remote ones, 
And this is done by turning the ſcrew on the out- 
ſide of the tube, until the ſmall mirror be ſo ad- 
juſted, that the object (or rather its image) ap- 
pears perfect. 

In looking through any teleſcope toward an 
object, we never ſee the object itſelf, but only 
that image of it which is formed next the eye in 
the teleſcope. For, if a man holds his finger ora 
ſtick between his bare eye and an object, it vil 


his view. But if he ties a ſtick acroſs the mouth 
of a teleſcope, before the object-glaſs, it will hide 
no part of the imaginary object he ſaw through 
the teleſcope before, unleſs it covers the whole 
mouth of the tube: for, all the effect will be, 
to make the object appear dimmer, becauſe it 
intercepts part of the rays. Whereas, if he pus 
only a piece of wire acroſs the inſide of the tube, 
between the eye-glaſs and his eye, it will hide 
part of the object which he thinks he ſees: which 
proves that he ſees not the real object, but 
image. This is alſo confirmed by means 11 
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mall mirror L, in the reflecting teleſcope, which 
z made of opaque metal, and ſtands directly be- 
tween the eye and the object toward which the 
rleſcope is turned; and will hide the whole ob- 
ect from the eye at e, if the two glaſſes R and 
are taken out of the tube. | | 

The multiplying glaſs is made be grinding Plate 
down the round fide h i & of a convex glaſs A B 3 
into ſeveral flat ſurfaces, as h 3, 5 d, dk. An TE Ws 
object C will not appear magnified, when ſeen riplying 
through this glaſs, by the eye at H; but it will /. 
ppear multiplied into as many different objects 
45 the glaſs contains plane ſurfaces. For, ſince 
rays will flow from the object C to all parts of 
the glaſs, and each plane ſurface will refract theſe 
rays to the eye, the ſame object will appear to 
the eye, in the direction of the rays which enter 
it through each ſurface. Thus, a ray g i H. 
falling perpendicularly on the middle ſurface, 
vill go through the glaſs to the eye without ſuf- 
fering any re fraction; and will therefore ſhew 
the object in its true place at C. while a ray 4 5 
lowing from the ſame object, and falling ob- 
lquely on the plane ſurface & þ, will be refracted 
n the direction & 2, by paſſing through the glaſs 
ad upon leaving it, will go on to the eye in the 
direction e H; which will cauſe the ſame object 
C to appear alſo at E, in the direction of the ray 
He, produced in the right line Hex. And the 
ny c d, flowing from the object C, and falling 
obliquely on the ſame ſurface d &, will be refract- 
d (by paſſing through the glaſs and leaving it 
. ) to the eye at H; which will cauſe the ſame 
dbject to appear at D, in the direction Hf m.— 
If the glaſs be turned round the line g H, as 
an axis, the object C will keep its place, becauſe 
kie ſurface 5 / d is not removed; but all tho 
Other 


238 Of Optics. 


other objects will ſeem to go round C, because 
the oblique planes, on which the rays 4,74 
a fall, will go round by the turning of the glaſs, 
Fig. 2. The camera-obſcura is made by a convex. glas 
The came- 7 ; 8 
reobſeura, CD, placed in a hole of a vindow-ſhuttr. 
Then, if the room be darkened ſo as no light 
can enter but what comes through the glaſs, the 
pictures of all the objects (as fields, trees, build. 
ings, men, cattle, &c.) on the outſide, will be 
ſhewn in an inverted order, on a white paper 
placed at GH in the focus of the glaſs; and 
will afford a moſt beautiful and perfect piece of 
perſpective or landſcape of whatever is before 
the glaſs; eſpecially if the ſun ſhines upon the 
objects. ä 
If the convex glaſs C D be placed in a tube in 
the ſide of a ſquare box, within which the 
plane mirror E F, reclining backward in a 
angle of 45 degrees from the perpendicular tg, 
the pencils of rays flowing from the outward ob 
jects, and paſſing through the convex glab to 
the plane mirror, will be reflected upward from 
it, and meet in points, as I and K (at the {ame 
diſtance that they would have met at H and 
G, if the mirror had not been in the way) and 
will form the aforeſaid images on an oiled paper 
ſtretched horizontally in the direCtion- I K; on 
which paper, the outlines of the images may 
be eaſily drawn with a black lead pencil; and 
then copied on a clean ſheet, and coloured by 
art, as the objects themſelves are by nature 
In this machine, it is uſual to place a plane glab 
unpoliſhed, in the horizontal ſituation IX, which 
glaſs receives the images of the outward object 
and their outlines may be traced upon it by 4 
black-lead pencil. == 1 1 


We 
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N. B. The tube in which the convex glaſs 
CD is fixed, muſt be made to draw out, or puſh 
in, ſo as to adjuſt the diſtance of that glaſs from 
the plane mirror, in proportion to the diſtance 
of the outward objects; which the operator does, 
until he ſees their images diſtinctly painted on 
the horizontal glaſs at IX. 

The forming a horizontal image, as 7K, of an 
upright object AB, depends upon the angles of 
incidence of the rays upon the plane mirror EF, 
being equal to their angles of reflection from 
it. For, if a perpendicular be ſuppoſed to be 
drawn to the ſurface of the plane mirror at e, 
where the ray Aa Ce falls upon it, that ray will 
be reflected upward in an equal angle with the 
other ſide of the perpendicular, in the line ed 7. 
Again, if a perpendicular be drawn to the mir- 
ror from the point f, where the ray A bf falls 
upon it, that ray will be reflected in an equal 
angle from the other ſide of the perpendicular, in 
the line Fh I. And if a perpendicular be drawn 
hom the point g, where the ray 4 c g falls upon 
the mirror, that ray will be reflected in an equal 
angle from the other ſide of the perpendicular, 
In the line g i I. So that all the rays of the pencil 
2c, flowing from che upper extremity of. the 
object AB, and paſſing through the convex glaſs 
CD, to the plane mirror EV, will be reflected 
rom the mirror and meet at J, where they will 
form the extremity 7 of the image IX, ſimilar 
© the extremity A of the object AB. The 
like is to be underſtood of the pencil qr s, flow- 
ng from the lower extremity of the object AB, 


mirror) the rays form the extremity K of the 
mage, ſimilar to the extremity B of the object: 
ad ſo of all the pencils that flow from the in- 


ad meeting at K (after reflection from the plane 


termediate 
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ela. placed near the plane mirror, in the end of 2 
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termediate points of the object to the minor, 


through the convex glaſs. 
Theoperas If a convex glaſs, of a ſhort focal diſtance, be 


ſhort tube, and a convex glaſs be placed in a 

hole in the ſide of the tube, ſo as the image may 

be formed between the laſt-mentioned convex 

glaſs, and the plane mirror, the image being 

viewed through this glaſs will appear magnified, 

In this manner the opera-glaſſes are conſtrutt. 

ed; with which a gentleman may look at any 

lady at a diftance in the company, and the lady 
know nothing of it. 

The com- The image of any object that is placed before 

mon /ok- a plane mirrror, appears as big to the eye as the 

#g g/afi. object itſelf; and 1s erect, diſtin, and ſeen- 

ingly as far behind the mirror, as the object iy 

before it: and that part of the mirror, which 

reflects the image of the object to the eye (the 

eye being ſuppoſed equally diſtant from the glals 

with the object) is juſt half as long and half 2 

fig. 3. broad as the object itſelf, Let A be an ob- 


$ 


ject placed before the reflecting ſurface g bi of WI He 
the plane mirror CD; and let the eye be atv. age 
Let Ah be a ray of light flowing from the top WW 94s 
A of the object, and falling upon the mirror a ng 
5: and hm be a perpendicular to the ſurface of WW * an 
the mirror at h, the ray Ah will be reflectel mag 
from the mirror to the eye at o, making an be 15 
angle h equal to the angle Abm: then wil ſimſe 
the top of the image E appear to the eye in the half: 
direction of the reſſected ray o produced to E, ih © E 
where the right line Ap E, from the top of the Wl 
object, cuts the right line oh E, at E. Let B. 2 A 
be a ray of light proceeding from the foot of the urla 


object at B to the mirror at i, and nia per- e 


pendicular to the mirror from the par „ l 
| „ where 
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ror, here the ray Bi falls upon it: this ray will be 

"WW rfeftcd in the line o, making an angle ui o, 
, be Wi equal to the angle Bin, with that perpendi- 
of ; Wl cular, and entering the eye at o: then will the 
in z bot F of the image appear in the direction of 
may Wl the reflected ray oi, produced to F, where the 
nvex Wl right line BF cuts the reflected ray produced to 
ing WY F. All the other rays that flow from the inter- 
fed, nediate points of the object AB, and fall 5 
rut. the mirror between h and i, will be reflected to 


ade eye at o; and all the intermediate points of 


lady de image EF will appear to the eye in the di- 
ection- line of theſe reflected rays produced. 
But all the rays that lew from the object, and 
all upon the mirror above b, will be reflected 
back above the eye at o; and all the rays that 
low from the object, and fall upon the mirror 
below i, will be reflected back below the eye at 
t ſo that none of the rays that fall above h, or 
below i, can be reflected to the eye at o; and 


knoth of the object AB. 


mage in a plane looking-glaſs, the part of the 
glals that reflects his image muſt be juſt half as 


mage muſt appear juſt as far behind the glaſs as 
z an WWW © is before it. Thus, the man AB viewing 
will WW vmſelf in the plane mirror CD, which is juſt 
the blk as long as himſelf, ſees his whole image as 
oE, EF, behind the glaſs, exactly equal to his 
the n fize. For, a ray AC proceeding from his 
Bi Heat A, and falling perpendicularly upon the 
f the lurface of the glaſs at C, is reflected back to his 
per- Je in the ſame line CA; and the eye of his 
t 5, mage will appear at E, in the ſame line pro- 
here duced 


tie diſtance between and 7 is equal to half the 


wi 
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Hence it appears, that if a man ſee his whole aL. | 
ce 


his image 
in a plane 
ng and half as broad as himſelf, let him ſtand looking- 

any diſtance from it whatever; and that his Slaſs, that 
| is but half 
his height, 


Fig. 4. 


/ 
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duced to E, beyond the glaſs. And a ray 3 D, 
flowing from his foot, and falling obliquely on 


the glaſs at D, will be reflected as obliquely on place 
the other ſide of the perpendicular a þ D, in the 4, it 
direction DA; and the foot of his image wil obliq 
appear at V, in the direction of the reflected ray — 
AD, produced to F, where it is cut by the right , 
line BGF, drawn parallel to the right line ACE, 4. 
Juſt the ſame as if the glaſs were taken away, N p 
and a real man ſtood at F, equal in ſize to the 11 g 
man ſtanding at B - for to his eye at A, the eye * 


of the other man at E would be ſeen in the di- 
rection of the line ACE; and the foot of the 
man at F would be ſeen by the eye 4, in the di- 
re41on of the line ADF. 

If the glaſs be brought nearer the man AB, 
as ſuppoſe to c, he will ſee his image as at 
CDG: for the reflected ray CA (being perpen- 
dicular to the glaſs) will ſhew the eye of the 
image as at C; and the incident ray B 6, being 
reflected in the line þ A, will ſhew the foot of his 
image as at G; the angle of reflection % A being 
always equal to the angle of incidence Bb: 
and fo of all the intermediate rays from A to g. 
Hence, if the man AB advances toward the 


glaſs CD, his image will approach toward It; ” 1 
and if he recedes from the glaſs, his image vil bur 
alſo recede from it. quite 

Having already ſhewn, that the rays of ligt chan 
are refracted when they paſs obliquely through 4 4 
different mediums, we come now to prove that I wiel 
ſome rays are more refrangible than others; and come 
that, as they are differently refracted, they exciie ends. 
in our minds the ideas of different colours. Ts T. 
will account for the colours ſeen about the edges of ch 
of the images of thoſe objects which are viewed W de di 


through ſome telelcopes, + 


Let 
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Let the ſun ſhine into a dark room through a Fig. 5. 
mall hole, as at ee, in a window-ſhutter ; and 


place a triangulat priſm B C in the beam of rays 


4, in ſuch a manner, that the beam may fall 
obliquely on one of the ſides ab C of the priſm. 
The rays will ſuffer different refractions by paſſing 
through the priſm, ſo that inſtead of going all The 
out of it on the ſide c C, in one direction, they priſm. 
will go on from it in the different direCtions re- 
preſented by the lines f, g, b, i, &, I, n, n; and 
klling upon the oppoſite ſide of the room, or 
on white paper placed as at pq to receive them, 
they will paint upon it a ſeries of moſt beautiful 
lively colours (not to be equalled by art) in this The ca- 
order, viz. thoſe rays which are leaſt refracted by 4 
the priſm, and will therefore go on between the 3 
lines and m, will be of a very bright intenſe 
red al , degenerating from dan gradually 
into an orange colour, as they are nearer the line 
n: the next will be of a fine orange colour at 
n, and from thence degenerate into a yellow co- 
our toward . at / they will be of a fine yellow, 
which will incline toward a green, more and 
more, as they are nearer and nearer &: at & they 
wil be a pure green, but from thence toward i 
they will incline gradually to a blue: ar i they 
vill be a perfect blue, inclining to an indigo co- 
bur from thence toward Y: at h they will be 
quite the colour of indigo, which will gradually 
change toward a violet, the nearer they are to 
and at g they will be of a fine violet colour, 
which will incline gradually to a red as they 
mg nearer to f, where the coloured image 
ends, 

There is not an equal quantity of rays in each 
of theſe colours; for if the oblong image pq 
be divided into 360 equal parts, the red ſpace 

R R will 
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R will take up 45 of theſe parts; the orange () 

27 ; the yellow Y, 48; the green G, 60; the 

blue B, 60; the indigo J, 40; and the violet 7, 

$0; all which ſpaces are as nearly proportioned in 

the figure as the ſmall ſpace p q would admit of. 
If all theſe colours be blended together again, 

| they will make a pure white ; as 1s proved thus, 
Take away the paper on which the colours py 

| fell, and place a large convex glaſs D in the rays 
| , 2, b, &c. which will refract them ſo, as to make 


0 them unite and croſs each other at V; where, if A 
j a white paper be placed to receive them, they my 
will excite the idea of a ſtrong lively white. But wy 
if the paper be placed farther from the glaſs, as 47 
| at v, the different colours will appear again upon | 
[ it, in an inverted order, occaſioned by the rays opt 
| crofling at V. n 
| As white is a compoſition of all colours, {6 3 | 
, black is a privation of them all, and, therefore, I © 
þ properly no colour. k 
| Fig. 6. Let two concentric circles be drawn on 2 
f ſmooth round board AB C DEF, and the ax 
| outermoſt of them divided into 360 equal parts hal 
| or degrees: then, draw ſeven right lines, as © 4, 44 
| © B, &c. from the center to the outermoſt circle; 9 N 
making the lines © A and © B include 80 de- ft 
| grees of that circle; the lines © B and © C40 3 
degrees; © C and © D 60; © D and © E bo; wht 
© Eand © F48; © Fand ©G 27; © Gand04 * 
45. Then, between theſe two circles, paint the 1011 
ſpace AG red, inclining to orange near G; GF Was 
orange, inclining to yellow near F; FE yellow, oy 
inclining to green near E; ED green, inclining of | 
to blue near D; DC blue, inclining to indigo Wl 15 
near C; CB indigo, inclining to violet near B; Wl 1. | 
and BA violet, inclining to a ſoft red near 4. i. a 
This done, paint all that part of the board . {> 
| w | 
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m axis through the center of the board, let it paſmatic 


V, de turned very ſwiftly round that axis, ſo as 8 
lin nys proceeding from the above colours, may be together, 
bn all blended and mixed together in coming to make a 
in, 


the eye; and then, the whole coloured part will — 
appear like *a white ring, a little greyiſh ; not 
perfectly white, becauſe no colours prepared by 
art are perfect. 
Any of theſe colours, except red and violet, 
may be made by mixing together the two con- 
* tguous priſmatic colours. Thus, yellow is made 
by mixing together a due proportion of orange 
and green; and green may be made by a mix- 
Tr ture of yellow and blue. 
* All bodies appear of that colour, whoſe rays 
they reflect moſt; as a body appears red when 
it reflects moſt of the red- making rays, and ab- 
ſorbs the reſt. | 

Any two or more colours that are quite tranſ- Tranſpa- 
parent by themſelves, become opaque when put hu, be- 
together. Thus, if water or ſpirits of wine be come 
tinged red, and put in a phial, every object ſeen opaque, 
through it will appear red; becauſe it lets only if put to- 
the red rays paſs through it, and ſtops all the“ 15 
reſt, If water or ſpirits be tinged blue, and put 
n a phial, all objects ſeen through it will appear 
blue, becauſe it tranſmits only the blue rays, and 
ſtops all the reſt. But if theſe two phials are 
held cloſe together, ſo as both of them may be 
between the eye and object, the object will no 
more be ſeen through them than through a plate 
of metal; for whatever rays are tranſmitted 
trough the fluid in the phial next the object, 
ae ſtopped by that in the phial next the eye. 

| this experiment, the phials ought not to be 
und, but ſquare ; | becauſe nothing but the 

| R 2 light 


which lies within the inner circle; and putting All be 
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light itſelf can be ſeen through a round tranſpa. 
rent body, at any diſtance. _ 

As the rays of light ſuffer different degrees of 
re fraction by paſſing obliquely through a priſm, 
or through a convex glaſs, and are thereby ſepa. 
rated into all the ſeven original or primary co. 


' Jlours,; ſo they alſo ſuffer different degrees of re- 
\ . kaftion by -pafſing through drops of falling rain; 
and then, being reflected toward the eye, from 


the ſides of theſe drops which are fartheſt from 
the eye, and again refracted by paſſing out of 
theſe drops into the air, in which refracted direc- 
tions they come to the eye; they make all the 
colours to appear in the form of a fine arch in 
the heavens, which is called the rain- bo. 

There are always two rain-bows ſeen together, 
the interior of which is formed by the rays 40, 
which falling upon the upper part 5, of the drop 
bcd, are refracted into the line Sc as they enter 
the drop, and are reflected from the back of it at 
c, in the line cd, and then, by paſſing out of the 
drop into air, they are again refracted at 4; and 
from thence they paſs on to the eye at e: fo tha 
to form the interior bow, the rays ſuffer two re- 
fractions, as at &6 and 4; and one reflection, as 
at c. i 

The exterior bow is formed by rays which 
ſuffer two reflections, and two refradions; 
which is the occaſion of its being leſs vivid than 
the interior, and alſo of its colours being invert 
ed with reſpect to thoſe of the interior. For, 
when a ray a6 falls upon the lower part of the 
drop hc e, it is refracted into the direction 4 
by entering the drop; and paſſing on to the 
back of the drop at c, it is thence reflected in the 
line c 4, in which direction it is impoſſible for 
it to enter the eye at f: but by being gon 

| ecte 


| 
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feed from the point d of the drop, it goes on in 
the drop to e, where it paſſes out of the drop into 
the air, and is there refracted downward to the 
eye, in the direction ef. 


— ë i. £ 


—— —— —ñ— 


"2 BAL x * 
— 


1 —— 


— — — 
2 by — 


— — 


ECT. VIIt. axv IX. 


ine at} — — 
1 ... 
* . 


The deſcription and uſe of the globes, and armillary 
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þ a map of the world be accurately delineated The vr. 
on a ſpherical ball, the ſurface thereof will » voy 
repreſent the ſurface of the earth; for the higheſt? 
hills are ſa inconſiderable with reſpe& to the bulk 
of the earth, that, they take off no more from its 
roundneſs, than grains of ſand do from the round- 
neſs of a common globe; for the diameter of 
the earth is 8000 miles in round numbers, and 
no known hill upon 1t is three miles in perpendi- 
cular height. | 

That the earth 1s ſpherical, or round like a Proof of 
globe, appears, 1. From its caſting a round the hb 
ſhadow upon the moon, whatever ſide be turned hoy 
toward her when ſhe is eclipſed. 2. From its globular. 
having been failed round by ſeveral perſons. 
3. From our ſeeing the farther, the higher we 
ſtand, 4. From our ſeeing the maſts of a ſhip, 
While the hull is hid by the convexity of the 
... - And that 

The attractive power of the earth draws all it may be 
terreſtrial bodies toward its center; as 1s evi- — 
dent from the deſcent of bodies in lines perpen- without 
dicular to the earth's ſurface, at the places any one's 
whereon they fall; even when they are thrown Deng 3 
off from the earth on oppoſite ſides, and con- false 


ſequently, in oppoſite directions. So that the way from 
" "84 earth it. 
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earth may be compared to a great magnet rolled 
in filings of ſteel, which attracts and keeps them 
equally faſt to its ſurface on all fides. Hence, 
as all terreſtrial bodies are attracted toward the 
earth's center, they can be in no danger of fall. 
ing from any ſide of the earth, more than from 
any other. | 

The heaven or ſky ſurrounds the whole earth: 
and when we ſpeak of up or down, we mean only 
with regard to ourſelves ; for no point, either 
in the heaven, or on the ſurface of the earth, is 
above or below, but only with reſpect to ourſelves, 
And let us be upon what part of the earth we 
will, we ſtand with our feet toward its center, 
and our heads toward the ſky : and ſo we fay, 
It is u toward the ſky, and down toward the cen. 
ter of the earth. 

To an obſerver placed any where in the in- 
definite fpace, where there 1s nothing to limit 
his view, all remote objects appear equally 
diſtant from him; and ſeem to be placed ina 
vaſt concave ſphere, of which his eye 1s the 
center. Every aſtronomer can demonſtrate, 


that the moon is much nearer to us than the ſun 


is; that ſome of the planets are ſometimes 
nearer to us, and ſometimes farther from us, 
than the fun ; that others of them never come ſo 
near us as the ſun always is; that the remotelt 
planet in our ſyſtem, is beyond compariſon 
nearer to us than any of the fixed ſtars are; and 
that it is highly probable ſome ſtars are, in 2 
manner, infinitely more diſtant from us than 
others; and yet all theſe celeſtial objects ap- 
pear equally diſtant from us. Therefore, if ve 
imagine a large hollow ſphere of glafs to have 
as many bright ſtuds fixed to its infide, 3s 


and earth there are ſtars viſible in the heaven, and theſe 


* ſtuds 


the ſun's apparent annual motion; one half of ic. 
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ftuds to be of different magnitudes, and placed repreſent- 


ar the ſame angular diſtances from each other ed my bt 
as the ſtars are; the ſphere will be a true re. Ts | 
preſentation of the ſtarry heaven, to an eye ſup- i 
poſed to be in its center, and viewing it all it 


around, And if a ſmall globe, with a map of 
the earth upon it, be placed on an axis in the 
center of this ſtarry ſphere, and the ſphere be 
made to turn round on this axis, 1t will repre- 
ſent the apparent motion of the heavens round 
the earth, | 
If a great circle be fo drawn upon this ſphere, 
as to divide 1t into two equal parts, or hemi- 
ſpheres, and the plane of the circle be perpen- 
dicular to the axis of the ſphere, this circle will 
repreſent the equinoctial, which divides the hea- The e. 
ven into two equal parts, called the northern and ntial. 
the ſouthern hemiſpheres ; and every point of that. 
circle will be equally diſtant from the poles, or The ali. 
ends of the axis in the ſphere. That pole which 
is in the middle of the northern hemiſphere, 
will be called the north pole of the ſphere, and 
that which is in the middle of the ſouthern he- 
miſphere, the ſouth pole. 
If another great circle be drawn upon the 
ſphere, in ſuch a manner as to cut the equinoc- 
tial at an angle of 234 degrees in two oppoſite 
points, it will repreſent the ecliptic, or circle of The ccli- 


which is on the north ſide of the equinoctial, and 
the other half on the ſouth. : | 
If a large ſtud be made to move eaſtward in 
this ecliptic, in ſuch a manner as to go quite 1 
round it, in the time that the ſphere is turned 1 
round weſtward 366 times upon its axis; this | 
ſtud will repreſent the ſun, changing his place The fax. 
every day a 365th part of the ecliptic; and 
R 4 going 
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going round weſtward, the ſame way as the 

ſtars do; but with a motion ſo much ſlower than 

the motion of the ſtars, that they will make 366 

revolutions about the axis of the ſphere, in the 

time that the ſun makes only 365. During one 

half of theſe revolutions, the ſun will be on the 

north fide of the equinoctial; during the other 

half, on the ſouth ; and at the end of each half 

in the equinoctial. | 

The If we ſuppoſe the terreſtrial globe in this ma- 

earth. chine to be about one inch in diameter, and the 

diameter of the ſtarry ſphere to be about five 

or ſix feet, a ſmall inſect on the globe would ſee 

only a very little portion of its ſurface ; but it 

would ſee one half of the ſtarry ſphere ; the con- 

. vexity of the globe hiding the other half from its 

The ap- view. If the ſphere be turned weſtward round 

parent the globe, and the inſect could judge of the ap- 

eien pearances which ariſe from that motion, it would 
of the : a ; ; 

heavens, Tee ſome ſtars riſing to its view in the eaſtern 

ſide of the ſphere, while others were ſetting on 

the weſtern : but as all the ſtars are fixed to the 

ſphere, the ſame ſtars would always rife in the 

ſame points of view on the eaſt ſide, and ſet in 

the ſame points of view on the weſt fide. With 

the ſun it would be otherwiſe, becauſe the ſun 

is not fixed to any point of the ſphere, but 

moves ſlowly along an oblique circle in it. And 

if the inſect ſhould look toward the ſouth, and 

call that point of the globe, where the equi- 

noctial in the ſphere ſeems to cut it on the left 

ſide, the eaſt point; and where it cuts the globe 

on the right ſide, the weft point; the little ani- 

mal would ſee the ſun riſe north of the eaſt, and 

ſet north of the weſt, for 182 revolutions ; 

after which, for as many more, the ſun would 

riſe ſouth of the eaſt, and ſet ſouth of 4 

weſt. 
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weſt, And in the whole 365 revolutions, the 
fun would riſe only twice in the caſt point, and 
ſet twice in the weſt. All theſe appearances would 
be the ſame, if the ſtarry ſphere ſtood ſtill (the 
ſun only moving in the ecliptic) and the earthly 
globe were turned round the axis of the ſphere 
eaſtward. For, as the inſect would be carried 
round with the globe, he would be quite inſen- 
ible of its motion; and the fun and ſtars would 
appear to move weſtward, 

Me are but very ſmall beings when compared 
with our earthly globe, and the globe itſelf is hut 
a dimenſionleſs point compared with the mag- 
nitude of the ſtarry heavens. Whether the 
earth be at reſt, and the heaven turns round it, 
or the heaven be at reſt, and the earth turns 
round, the appearance to us will be exactly the 
fame. And becauſe the heaven is ſo immenſely 
large, in compariſon of the earth, we ſee one 
half of the heaven as well from the earth's ſur- 
face, as we could do from its center, if the 
_ of our view are not intercepted by 

ills. 

We may imagine as many circles deſcribed Circles of 
upon the earth as we pleaſe : and we may ima- e. /2bere. 
gine the plane of any circle deſcribed upon the 
earth to be continued, until it marks a circle in 
the concave ſphere of the heavens. 

The Horizon is either ſenſible or rational. The The ho. 
ſcuſible horizon is that circle, which a man ſtand- . 
ng upon a large plane, obſerves to terminate his 
view all around, where the heaven and earth ſeem 
to meet. The plane of our ſenſible horizon con- 
tinued to the heaven, divides it into two hemiſ- 
pheres ; one viſible to us, the other hid by the 
convexity of the earth. 

The 
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The plane of the rational horizon, is ſuppoſed 


ever 
parallel to the plane of the ſenſible ; to paſs has 2 
through the center of the earth, and to be Wl one « 


continued to the heavens. And although the 


plane of the ſenſible horizon touches the earth T 
in the place of the obſerver, yet this plane, WM pole: 
and that of the rational horizon, will ſeem to thro! 
coincide in the heaven, becauſe the whole earth ger t 
is but a point compared to the ſphere of the Wl opp: 
heaven. | V 

The earth being a ſpherical body, the horizon, plan 
or limit of our view, muſt change as we change it is 
our place. our 

Pol-s. The poles of the earth, are thoſe two points on mob 
its ſurface in which its axis terminates. The A 

one is called the north pole, and the otlier the mer 

fouth pole. con 

The poles of the heaven, are thoſe two points plac 

in which the earth's axis produced terminates in no « 

the heaven: fo that the north pole of the heaven fror 

is directly over the north pole of the carth; and I 

the /outh pole of the heaven is directly over the the 

ſouth pole of the earth. mee 

Equator, The equator is a great circle upon the earth, 24 
every part of which 1s equally diſtant from either con 


of the poles. It divides the earth into two equal 
parts, called the northern and fouthern hemiſpheres. 
If we ſuppoſe the plane of this circle to be ex. be 


tended to the heaven, it will mark the equino#ia! me 
therein, and will divide the heaven into two equal WH 24 
parts, called the northern and ſouthern hemiſpheres Is 
of the heaven. we 
Meridian, The meridian of any place is a great circle Th 
paſſing through that place and the poles of the t 
earth. We may imagine as many ſuch mett- ore 
ridians as we pleaſe, becauſe any place that : 4 
| cy W 


Poſed 
paſs 
o be 
1 the 
earth 
lane, 
m to 
earth 


the 


120n, 
lange 


cs on 
The 
the 


oints 
es in 
aven 

and 
the 


arth, 
1ther 
qual 
"eres. 
ex- 
rial 
qual 
beres 


1rcle 
the 
neri- 
at 15 
ever 


z times 15 is 360. And as the earth's motion 
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ever ſo little to the eaſt or weſt of any other place, 
has a different meridian from that place; for no 
one circle can paſs through any two ſuch places 
and the poles of the earth. 

The meridian of any place is divided by the 
poles, into two ſemicircles: that which paſſes 
through the place 1s called the geographical or up- 

meridian ; and that which paſſes through the 
oppoſite place, is called the /ower meridian. 

When the rotation of the earth brings the Non and - 8 
plane of the geographical meridian to the ſun, *#-night 1 
it is #002 or mid-day to that place; and when p 
our lower meridian comes to the ſun, it 1s mid- 
_: 
"al places lying under the ſame geographical 
meridian, have their noon at the ſame time, and 
conſequently all the other hours. All thoſe 
places are ſaid to have the ſame longilude, becauſe 
no one of them hes either eaſtward or weſtward. 
from any of the reſt. 

If we imagine 24 ſemicircles, one of which is Ihur cir- 
the geographical meridian of a given place, to . 
meet at the poles, and to divide the equator into 
24 equal parts; each of theſe meridians will 
come round to the ſun in 24 hours, by the earth's 
equable motion round its axis in that time. And, 4 
the equator contains 360 degrees, there will 
be ry degrees contained between any two of theſe 


meridians which are neareſt to one another : for 
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is eaſtward, the ſun's apparent motion will be 
weſtward, at the rate of 15 degrees each hour. 
Therefore, | 
They whoſe geographical meridian is 15 de- Longitude 
grees eaſtward from us, have noon, and every 
other hour, an hour ſooner than we have. They 
whoſe meridian is fifteen degrees weſtward from 
us, 
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us, have noon, and every other hour, an hour 
later than we have: and ſo on in proportion, 
reckoning one hour for every fifteen degrees, 
As the earth turns round its axis onee in 24 
| hours, and ſhews itſelf all around to the ſun in 
[ that time; ſo it goes round the ſun once a year, 
|| - Ecliptie. in a great circle called the egiptic, which crofles 
| the equinoctial in two oppoſite points, making 
| an angle of 234 degrees with the equinoctial on 
each ſide. So that one half of the ecliptic is in 
the northern hemiſphere, and the other in the 
ſouthern. It contains 360 equal parts, called 
degrees (as all other circles do, whether great 
or ſmall) and as the earth goes once round it 
every year, the ſun will appear to do the fame, 
changing his place almoſt a degree, at a mean 
rate, every 24 hours. So that whatever place, 
or degree of the ecliptic, the earth 1s 1n at any 
time, the ſun will then appear in the oppoſite. 
And as one half of the ecliptic is on the north 
ſide of the equinoctial, and the other half on the 
fouth ; the ſun, as ſeen from the earth, will be 
half a year on the ſouth ſide of the equinoctal, 
and half a year on the north : and twice a year 
in the equinoctial itſelt. 8 
Sięrs and The ecliptic is divided by aſtronomers into 12 
degrees, equal parts, called figns, each ſign into 30 degrees, 
and each degree into 60 miuutes : but in uſing the 
globes, we ſeldom want the ſun's place nearer 
than half a degree of the truth. | 
The names and characters of the 12 ſigns are 
as follow ; beginning at that point of the eclip- 
tic where it croſſes the equinoctial to the north- 
ward, and reckoning eaſtward round to the ſame 
point again. And the days of the months on 
which the ſun now enters the ſigns, are ſet down 
below them. 8 
* Aries, 


wo 
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Aries, Taurus, Gemini, Cancer, 
E 8 1 25 
March April May June 
— 19 20 21 
r, n Scorpio, 
N F PI v; 2 A... & 4 15 
July Auguſt September October 
22 22 22 22 


Sagittarius, Capricornus, Aquarius, Piſces, 


= Vp = X 
November December January February 
21 21 19 18 


By remembering on what day the ſun enters 
any particular ſign, we may eaſily find his place 
any day afterward, while he is in that ſign, by 
reckoning a degree for each day; which will 
occaſion no error of conſequence in uſing the 
globes. | 

When the ſun is at the beginning of Aries, 
he is in the equinoctial; and from that time he 
declines northward every day, until he comes 
to the beginning of Cancer, which is 234 de- 
grees from the equinoCtial ; from thence he re- 
cedes ſouthward every day, for half a year; in 
the middle of which half, he croſſes the equi- 
noctial at the beginning of Libra, and at the 
end of that half year, he is at his greateſt ſouth 
declination, in the beginning of Capricorn, which 
1s alſo 234 degrees from the equinoctial. Then, 
he returns northward from Capricorn every day, 
for half a year; in the middle of which half, he 
crofſes the equiĩnoctial at the beginning of Aries; 
and at the end of it he arrives at Cancer. | 


9 The 


Polar 


circles. 
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The ſun's motion in the ecliptic is not per. 
fectly equable, for he continues eight day; 
longer in the northern half of che ecliptic, than 
in the ſouthern: ſo that the ſummer half year, 
in the northern hemiſphere, is eight days longer 
than the winter half year; and the contrary in 
the ſouthern hemiſphere. 

The tropics are leſſer circles in the heaven, 
parallel to the equinoctial; one on each ſide of 
it, touching the ecliptic in the points of its 
greateſt declination ; ſo that each tropic is 23! 
degrees from the equinoctial, one on the north 
ſide of it, and the other on the ſouth. The 
northern tropic touches the ecliptic at the be- 
ginning of Cancer, the ſouthern at the beginning 
of Capricorn; for which reaſon the former is 
called the tropic of Cancer, and the latter the tropic 
of Capricorn. 

The polar circles in the heaven, are each 231 


degrees from the poles, all around. That which 


goes round the north pole, is called the arctic 
circle, from &pxlos, which ſignifies a bear ; there 
being a collection or groupe of ſtars near the 
north pole, which goes by that name. The ſouth 
polar circle, is called the antarctic circle; from its 
being oppoſite to the arctic. 

The ecliptic, tropics, and polar circles, are 
drawn upon the terreſtrial globe, as well as upon 
the celeſtial. But the ecliptic, being a great 
fixed circle in the heavens, cannot properly be 
{aid to belong to the terreſtrial 
laid down upon it only for the conveniency of 
ſolving ſame problems. So that, if this circle on 
the terreſtrial globe was properly divided into the 
months and days of the year, it would not only 


| ſuit the globe better, but would alſo make the 


problems thereon much eaſter, | 
n 


globe; and ny 
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In order to form a true idea of the earth's .= 
motion round its axis every 24 hours, which is .2 
the cauſe of day and night ; and of its mation 
in the ecliptic round the ſun every year, which 
is the cauſe of the different lengths of days and 
nights, and of the viciſſitude of ſcalons ; take the | 
following method, which will be both eaſy and 
pleaſant. 

Let a ſmall terreſtrial globe, of about three An idea 
inches diameter, be ſuſpended by a long thread 2 — 
of twiſted ilk, fixt to its north pole: then haus- 
ing placed a lighted candle on a table, to repre- . 
ſent the ſun, in the center of a hoop of a large 
caſk, which may repreſent the ecliptic, the hoop 
making an angle of 23+ degrees with the plane | 
of the table; hang the globe within the h | 
near to it; and if the table be level, the equa- | 
tor of the globe will be parallel to the table, | 
and the plane of the hoop will cut the equator | 
at an angle of 234 degrees: ſo that one half of = 
the equator will be above the hoop, and the 
other half below 1t; and the candle will enlighten 
one half of the globe, as the ſun enlightens one 
half of the earth, while the other half is in the 
dark, | 
Things being thus prepared, twiſt the thread 
toward the left hand, that it may turn the 
globe the ſame way by untwiſting ; that is, from 
welt, by ſouth, to caſt. As the globe turns 
round its axis or thread, the different places of 
ts ſurface will go regularly through the light 
and dark; and have, as it were, an alternate 
return of day and night in each rotation. As 
the globe continues to turn round, and to ſhew 
iflelf all around to the candle, carry it ſlowly 
round the hoop by the thread, from weſt, by 
louth, to caſt; which is the way that the cart! 
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moves round the ſun, once a year, in the 
ecliptic ; and you will ſee, that while the globe 
continues in the lower part of the hoop, the can- 
dle (being then north of the equator) will con- 
ſtantly ſhine round the north pole ; and all the 
northern places which go through any part of 
the dark, will go through a leſs portion of it than 
they do of the light; and the more ſo, the far- 
ther they are from the equator ; conſequently, 
their days are then longer than their nights, 
When the globe comes to a point in the hoop, 
mid-way between the higheſt and loweſt points, 
the candle will be directly over the equator, and 
will enlighten the globe juſt from pole to pole; 
and then every place on the globe will go 
through equal portions of light and darkneſs, 
as it runs round its axis; and conſequently, the 
day and night will be of equal length at all 
places upon it. As the globe advances thence- 
forward, toward the higheſt part of the hoop, 
the candle will be on the ſouth ſide of the equa- 
tor, ſhining farther and farther round the ſouth 
8 as the globe riſes higher and higher in the 

oop; leaving the north pole as much in dark- 
ne ſo, as the ſouth pole is then in the light, and 
making long days and ſhort nights on the ſouth 
fide of the equator, and the contrary on the 
north fide, while the globe continues in the 
northern or higher ſide of the hoo 
it comes to the higheſt point, the days will be at 
the longeſt, and the nights at the ſhorteſt, in the 
ſouthern hemiſphere ; and the reverſe in the 
northern. As the globe advances and deſcends 
in che hoop, the light will gradually recede from 
the ſouth pole, and approach toward the north 
pole, which will cauſe the northern days to 


lengthen, and the ſouthern days to ſhorten s 
| ting 


* and when | 


ſcends 
> from 
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the ſame proportion. When the globe comes to 
the middle point, between the higheſt and loweſt 
points of the hoop, the candle will be over the 
equator, enlightening the globe juſt from pole 
to pole, when every place of the earth (except 
the poles) will go through equal portions of 
light and darkneſs; and conſequently, the day 
and night will be then equal, all over the 
globe. | 

And thus, at a very ſmall expence, one may 
have a delightful and demonſtrative view of the 
cauſe of days and nights, with their gradual in- 
creaſe and decreaſe in length, through the whole 
year together, with the viciſſitudes of ſpring, 
ſummer, autumn, and winter, in each annual 
courſe of the earth round the ſun. 

If the hoop be divided into 12 equal parts, 
and the ſigns be marked in order upon it, be- 
ginning with Cancer at the higheſt point of the 
hoop, and reckoning eaſtward (or contrary to 
the apparent motion of the ſun) you will ſee 
how the ſun appears to change his place every 
day in the ecliptic, as the globe advances eaſt- 
ward along the hoop, and turns round its own 
is: and that when the earth is in a low ſign, 
8 at Capricorn, the ſun muſt appear in a high 
gn, as at Cancer, oppoſite to the earth's real 
place: and that while the earth is in the 
buthern half of the ecliptic, the ſun appears in 
tae northern half, and vice ver/d : that the far- 
ther any place is from the equator, between it 
ad the polar circle, the greater is the difference 
between the longeſt and ſhorteſt day at that 
place; and that the poles have but one day and 
one night in the whole year. 

Theſe things premiſed, we ſhall proceed to 
the deſcription and uſe of the terreſtrial Globe, 
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and explain the geographical terms as they ey 
in the problems. 
This globe has the boundaries of land ang Ide 


water laid down upon it, the countries and king. 


doms divided by dots, and coloured to diſtin. uy 
griſh them, the lands properly ſitnated, the * 


rivers and principal towns inſerted, as they have 
been aſcertained upon the earth by meaſurement þ 
and obſeryation. p 


The equator, ecliptic, tropics, polar circles, 
and meridians, are laid down upon the globe in a 
the manner already deſcribed. The eclipticis WM © 
divided into 12 ſigns, and each ſign into 30 * 
degrees, which are generally ſubdiwided into * 
halves, and into quarters if the globe is large, ; f 
Each tropic is 234 degrees from the equator, gb 
and each polar circle 234 degrees from it; "a 


reſpective pole. Circles are drawn parallel to 
the equator, at every ten degrees diftance from 
it on each fide to the poles: theſe circles are 
called parallels of latitude, On large globes 
there are circles drawn perpendicularly through 
every tenth degree of the equator, interſecting 
each other at the poles : but on globes of ot 
under a foot diameter, they are only drawn 
through every fifteenth degree of the equator: 
theſe circles are generally called meridians, ſome- 


times circles of longitude, and at other times hour- 1 
circles. In the 
The globe is hung in a braſs ring, called tie Nor ch 
braſen meridian ; and turns upon a wire in each which, 
pole ſunk half its thickneſs into one fide of the 10 
meridian ring: by. which means, 2% ſide of = , 


the ring divides the globe into two equal parts, 
called the eaſtern and weſtern hemiſpheres ; as the 
equator divides ir into two equal parts, called the 


northern and ſouthern hemiſpheres, This ring 1s 
| : | divided 
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nient for putting the poles of the globe throug) a 

the horizon, and for elevating the pole to ſmall 
latitudes, and declinations of the fun ; which WM © 
cannot be done where there is only one horay Ml ;. 

circle fixed to the outer edge of the braſen me- 
ridian. 20 
There is a thin ſlip of braſs, called the qu- M of 
drant of altitude, which is divided into go equal | 
parts or degrees, anſwering exactly to ſo many Ml m 
degrees of the equator. It is occaſionally fixed i lin. 
to the uppermoſt point of the braſen meridian by | 
a nut and ſcrew. The divifions end at the nu, me 
and the quadrant 1s turned round upon it. * 
As the globe has been ſeen by moſt people, BM 
and upon the figure of which, in a plate, neither ;0n 
the circles nor countries can be properly expreſ-W wu 
ed, we judge it would ſignify very little to refer q 
to a figure of it; and ſhall therefore only gie plac 
ſome directions how to chooſe a globe, and the mer 
deſcribe its uſe. 208 
Directi- . See that the papers be well and neal rar 
ons for paſted on the globes, which you may know, no 
4 the lines and circles thereon meet exactly, an I 
continue all the way even and whole; the c cire] 
cles not breaking into ſeveral arches, nor M ge 
papers either coming ſhort, or lapping over 0 paß 
another. | merj 
2, See that the colours be tranſparent, and nll 11 
{aid too thick upon the globe to hide the nam ſtant 
of places. 15 that 
3. See that the globe hang evenly betwegg that 


the braſen meridian and the wooden horizo 
not inclining either to one ſide or to the othel. 
4. See that the globe be as cloſe to the ho 
zon and meridian as it conveniently may; one 
wiſe, you will be too much puzzled to 
; | agall 


— — — 


Directions for chooſing Globes. 
againſt what part of the globe any degree of the 


Dug]: meridian or horizon 1s. | 

{mall 5. See that the equinoctial line be even with 
Fhich che horizon all around, as the north or ſouth pole 
orary is elevated go degrees above the horizon. 

a me- 6. See that the equinoctial line cuts the hori- 


ron in the eaſt and weſt points, in all elevations 


 qua- of the pole from o to go degrees. | 
equal 7. See that the degree of the braſen meridian 
many Wl marked with o, be exactly over the equinoct ia 
y fixed Bi line of the globe. 
Han by 8. See that there be exactly half of the braſen 
he nut; meridian above the horizon; which you may 
know, if you bring any of the decimal diviſions 
people, i on the meridian to the north point of the hori- 
neitier il ꝛon, and find their complement to go in the 
expreſ· ſouth point. | | 
to reſe g. See that when the quadrant of altitude is 
nly 2" placed as far from the equator, or the braſen 
nd dei meridian, as the pole is elevated above the hori- 
208, the beginning of the degrees of the qua- 
d new drant reaches juſt to the plane ſurface of the ho- 
know, il rizon. 
Etly, ic. See that while the index of the hour- 
the cu circle (by the motion of the globe) paſſes from 
nor g one hour to another, 15 degrees of the equator 
over 08 paſs under the graduated edge of the braſen 
meridian. | 
t, and 19 11. See that the wooden horizon be made ſub- 
the nar {tantial and ſtrong : it being generally obſerved, 


that in moſt globes, the horizon is the firſt part 


"OI that fails, on account of its having been made 
hora too light. 


he other In uſing the globes, keep the eaſt fide of the Direct 
o the ho horizon toward you (unleſs your problem re- n= for 


ed to know by the word Eaſt upon the horizon; for 
| 83 then 


quires the turning of it) which ſide you may chez. 


- x wo = * — 
he Send ner Apo ana —— — — 


8 8 88 * 6 
— 2 —— 


0 : x < — . = R - IE __ 


ELD i 
„ 3 


2 4 — * oy % — —- — 8 
— — QVEAPE — —— . - 222 
n — IE En IS — 


262. 


Directi- 
ons for 
chooſing 


of $Jobes, the lines and circles thereon meet exactly, and 


1 


The Terreftrial Globe deſcribed. 


nient for putting the poles of the globe through 
the horizon, and for elevating the pole to ſmal} 
latitudes, and dechnations of the ſun ; which 
cannot be done where there 1s only one horary 
circle fixed to the outer edge of the braſen me- 
ridian. 

There is a thin ſlip of braſs, called the gua- 
drant of altitude, which is divided into go equal 
parts or degrees, anſwering exactly to ſo many 
degrees of the equator. It is occaſionally fixed 
to the uppermoſt point of the braſen meridian by 
a nut and ſcrew. The diviſions end at the nut, 
and the quadrant is turned round upon it. 

As the globe has been ſeen by moſt people, 
and upon the figure of which, in a plate, neither 
the circles nor countries can be properly expreſſ- 
ed, we judge it would ſignify very little to refer 
to a figure of it; and ſhall therefore only give 
ſome directions how to chooſe a globe, and then 
deſcribe its uſe. 
| x. See that the papers be well and neatly 
paſted on the globes, which you may know, if 


continue all the way even and whole; the cit- 
cles not breaking into ſeveral arches, nor tie 
papers either coming ſhort, or lapping over one 
another. 

2. See that the colours be tranſparent, and not 
{aid too thick upon the globe to hide the names 
of places. | 

3. See that the globe hang evenly between 
the braſen meridian and the wooden horizon; 
not inclining either to one ſide or to the other. 

4. See that the globe be as cloſe to the hon- 
zon and meridian as it conveniently may; other: 
wiſe, you will be too much puzzled to f 


again 
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againſt what part of the globe any degree of the ; 


meridian or horizon 1s. | 
5. See that the equinoctial line be even with 
the horizon all around, as the north or ſouth poke 
is elevated go degrees above the horizon. 
6. See that the equinoctial line cuts the hori- 
on in the eaſt and weſt points, in all ele vations 
of the pole from o to go degrees. 
7. See that the degree of the braſen meridian 
marked with o, be exactly over the equinoQia} 
line of the globe. 
8. See that there be exactly half of the braſen 
meridian above the horizon ; which you may 
know, if you bring any of the decimal diviſions 
on the meridian to the north point of the hori- 
zon, and find thew complement to go in the 
ſouth point. | 
9. See that when the quadrant of altitude is 
placed as far from the equator, or the braſen 
meridian, as the pole is elevated above the hori- 
20n, the beginning of the degrees of the qua- 
drant reaches juſt to the plane ſurface of the ho- 
r1zOn, 
10. See that while the index of the hour- 
circle (by the motion of the globe) paſſes from 
one hour to another, 15 degrees of the equator 
paſs under the graduated edge of the braſen 
meridian. | 
11. See that the wooden horizon be made ſub- 
ſtantial and ſtrong : it being generally obſerved, 
that in moſt globes, the horizon is the firſt part 
that fails, on account of its having been made 
too ſlight. 
In uſing the globes, keep the eaſt ſide of the Directi- 
horizon toward you (unleſs your problem re- og. for 
quires the turning of it) which fide you may — Þ 
know by the word Eaſt upon the horizon ; for 
| S: 3 then 
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then you have the graduated fide of the meri- 
dian toward you, the quadrant of altitude before 
you, and the globe divided exactly into two 
equal parts, by the graduated fide of the me- 
ridian. 

In work ing ſome problems, it will be necef. 
fary to turn the whole globe and horizon about, 
that you may look on the weſt fide thereof: 
which turning will be apt to jog the ball ſo, as 
to ſhift away that degree of the globe which 
was before ſet to the horizon or meridian: to 


avoid which inconventence, you may thruſt in 


the feather-end of a quill between the ball of 


the globe and the braſen meridian ; which, with- 


out hurting the ball, will keep it from turning 
in the meridian, while you turn the welt {ide of 
the horizon toward you, 


PROBLEM I. 


To find the * latitude and + longitude of any given 
place upon the globe. 


Turn the globe on its axis, until the given 
place comes exactly under that graduated ſide of 


* The latitude of a place is its diſtance from the equs. 
tor, and is north or ſouth, as the place is north or ſouth of 
the equator. Thoſe who live at the equator have no lati- 
tude, 8 it is there that the latitude begins. | 

+ The longitude of a place is the number of degrees 
(reckoned upon the equator) that the meridian of the ſaid 
place is diſtant from the meridian of any other place from 
which we reckon, either eaſtward or weſtward, for 180 de- 
grees, or half round the globe. The Britiſh reckon the 
ongitude from the meridian of London, and the French 
from the meridian of Paris. The meridian of that place, 
from which the longitude is reckoned, is called the ff 
meridian. The places upon this meridian have no Jongt- 
tude, becauſe it is there that the longitude begins, 1 

the 
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che braſen meridian, on which the degrees are 
numbered from the equator; and obſerve what 
degree of the meridian the place then Ites under; 
which is its latitude, north or ſouth, as the place 
is north or ſouth of the equator. 

The globe remaining 1n this poſition, the de- 
gree of the equator, which is under the braſen 
meridian, 1s the longitude of the place (from 
the meridian of Londoy on the Engliſh globes) 
which 1s eaſt or weſt, as the place les on the 
eaſt or weſt fide of the firſt meridian of the 
globe.—All the Atlantic Ocean, and America, 
is on the weſt ſide of the meridian of London; 
and the greateſt part of Europe, and of Africa, 
together with all 4a, is on the eaſt ſide of the 
meridian of London, which is reckoned the firff 
meridian of the globe by the Britiſh geographers 
and aſtronomers. 


PROBLEM IL 


Ihe longitude and latitude of a place being given, tg 
find that place on the globe. 


Look for the given longitude in the equator 
(counting it eaſtward or weſtward from the firſt 
meridian, as it is mentioned to be eaſt or weſt) 
and bring the point of longitude in the equator 
to the braſen meridian, on that ſide which is 
above the ſouth point of the horizon: then 
count from the equator, on the braſen meridian, 
to the degree of the given latitude, toward the 
north or ſouth pole, according as the latitude 1s 
north or ſouth ; and under that degree of lati- 
tude on the meridian, you will have the place 
required. 
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PROBLEM IIL 
To find the difference of longitude, or difference if 


latitude, between any two given places, 


Bring each of theſe places to the braſen me- 
ridian, and ſee what its latitude is: the leſſer 
latitude ſubtracted from the greater, if both 
places are on the ſame ſide of the equator, or 
both latitudes added together, if they are on 
different ſides of it, is the difference of latuude 
required. And the number of degrees contained 
between theſe places, reckoned on the equator, 
when they are brought ſeparately_ under the 
braſen meridian, is their difference of longitude; 
if it be leſs than 180: but if more, let it be ſub- 
tracted from 360, and the remainder is the dif- 
terence of longitude required. Or, 

Having brought one of the places to the 
braſen meridian, and ſet the hour index to XII, 
turn the globe until the other place comes to the 
braſen meridian, and the number of hours and 
parts of an hour, paſt over by the index, will 
give the longitude in time ; which may be eaſily 
reduced to degrees, by allowing 15 degrees for 
every hour, and one degree for every four mi- 
nutes. 


N. B. When we ſpeak of bringing any place 
to the braſen meridian, it is the graduated fide ot 
the meridian that is meant. 


PR0O- 
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PROBLEM IV. 


fny place being given, to find all thoſe places that 
have the ſame longitude or latitude with it. 


Bring the given place to the braſen meridian, 
then all thoſe places which lie under that fide of 
che meridian, from pole to pole, have the fame 
longitude with the given place. Turn the globe 
round its axis, and all thoſe places which paſs 
under the ſame degree of the meridian that the 
given place does, have the ſame latitude with 
that place. 

Since all latitudes are reckoned from the 
equator, and all longitudes are reckoned from 
the firſt meridian, it is evident, that the point of 
the equator which 1s cut by the firſt meridian, has 
neither latitude nor longitude. — The greateſt 
latitude is 90 degrees, becauſe no place is more 
than go degrees from the equator. And the 
greateſt longitude is 180 degrees, becauſe no 
place is more than 180 degrees from the firſt 
meridian, 


PROBLEM V. 


lv find the antœci &, periceci t, and antipodes , 
of any given place. 


Bring the given place to the braſen meridian, 
and having found its latitude, keep the globe in 
that ſituation, and count the ſame number of 

degrees 


The anteci are thoſe people who live on the ſame me- 
ndian, and in equal latitudes, on different ſides of the equa- 
tor. Being on the ſame meridian, they have the ſame hours; 
that is, when it is noon to the one, it is alſo noon to the 
other; and when it is mid-night to the one, it is alſo mid- 


night to the other, &c. Being on different ſides of the 1 
| or, 
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degrees of latitude from the equator toward the 
contrary pole, and where the reckoning ends, 


you have the antæci of the given place upon the 


globe. 
antæci. 

The globe remaining in the ſame poſition, ſet 
the hour-index to the upper XII, on the horary 
circle, and turn the globe until the index comes 
to the lower XII; then, the place which lies 
under the meridian, in the ſame latitude with 
the given place, is the periaci required. Thoſe 
who live at the poles have no periæci. 

As the globe now ſtands (with the index at the 
lower XII) the antipodes of the given place will 
be under the ſame point of the braſen meridian 
where its autæci ſtood before. Every place upon 
the globe has its antipedes. 


T hoſe who live at the equator have ng 


tor, they have different or oppoſite ſeaſons at the ſame time; 
the length of any day to the one 1s equal to the length of the 
night of that day to the other; and they have equal elevations 
of the different poles. 

+ The periæci are thoſe people who live on the ſame pa- 
rallel of latitude, but on oppoſite meridians: ſo that thoug| 
their latitude be the ſame, their longitude differs 180 de- 
grees. By being in the ſame latitude, they have equal ele- 
vations of the ſame pole (for the elevation of the pole 
always equal to the latitude of the place) the ſame length of 
days or nights, and the ſame ſeaſons. But being on oppo- 
ſite meridians, when It is noon to the one, it is midnight to 
the other, 


t he antipedes are thoſe who live diametrically oppoſite | 


to one another upon the globe, ſtanding with feet toward 
feet, on oppoſite meridians and parallels. Being on oppoſite 
ſides of the equator, they have oppoſite ſeaſons, winter to one, 
when it is ſammer to the other; being equally diſtant from 
the equator, they have their contrary poles equally elcyated 
above the horizon; being on oppoſite meridians, when it 
noon to the one, it muſt be mid-night to the other; and 3 
the ſun recedes from the one when he approaches to the other, 
the length of the day to one mult be equal to the lengta of the 
night at the fame time to the other. 
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PROBLEM VI. 


To find the diſtance between any two places on the 
globe. 


Lay the graduated edge of the quadrant of 
altitude over both the places, and count the 
number of degrees intercepted between them on 
the quadrant; then multiply theſe degrees by 
bo, and the product will give the diſtance in 
Pcs miles : but to find the diſtance in 
Engliſh miles multiply the degrees by 694, and 
the product will be the number of miles required. 
Or, take, the diſtance between any two places 
with a pair of compaſſes, and apply that extent 
to the equator; the number of degrees, inter- 
cepted between the points of the compaſſes, is 
the diſtance in degrees of a great circle“; which 
may be reduced either to geographical mules, or 


to Engliſh miles, as above. 


* Any circle that divides the globe into two equal parts, 
1s called a great circle, as the equator or meridian. An 
circle that divides the globe into-two unequal parts (which 
fvery parallel of latitude does) is called a Ver circle, Now, 
3 every circle, whether great or ſmall, contains 360 de- 
grees, and a degree upon the equator or meridian contains 
bo geographical miles, it is evident, that a degree of longi- 
tude upon the equator, is longer than a degree of longitude 
upon any parallel of latitude, and muſt therefore contain a 
greater number of miles. So that, although all the degrees 
of latitude are equally long upon an artificial globe (though 
not preciſely ſo upon the earth itſelf) yet the degrees of 
longitnde decreaſe in length, as the latitude increaſes, but 
not in the ſame proportion. The following table ſhews the 
length of a degree of longitude, in geographical miles, and 
bundredth parts of a mile, for every degree of latitude, from 
the equator to the poles; a degree on the equator being 60 
$*opraphical miles. 
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PROBLEM VI. 


A place on the globe being given, and its diftancy 
from any other place, to find all the other plac; 
upon the globe which are at the ſame diſtance from 
the given place. 


Bring the given place to the braſen meridian, 
and ſcrew the quadrant of altitude to the mer 
dian, directly over that place; then Keeping the 
globe in that poſition, turn the PRES quite 
round upon 1t, and the degree of the quadrant 
that touches the ſecond place, will paſs over all 
the other places which are equally diſtant vith it 
from the given place. 

This is the ſame as if one foot of a pair of 
compaſſes was ſet in the given place, and the 
other foot extended to the ſecond place, whoſe 
diſtance is known; for if the compaſſes be then 
turned round the firſt place as a center, the 
moving foot will go over all thoſe places which 
are at the fame diſtance with the ſecond from it. 


A TABLE 


LE 
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ATABLE fſhewing the number of miles in a de- 
gree of longitude, in any given degree of latitude. 


1 


9 — 


N ²˙ cali... 


F SFS = © | 
[Fa |[S|F3|8|F3 
I | $9-99 | 31 | 51.43 | 61 | 29.09 
2 | 59.96 | 32 | 50.88 | 62 | 28.17 
3 | 59-92 | 33 | 50-32 | 63 | 27.24 
4 | 59-85 | 34 | 49-74 | 64 | 26.30 
5 | 59-77 | 35 | 49-15 | 65 | 25.36 
6 | 59.67 | 36 | 48.54 | 66 | 24.41 
7 | 59-56 | 37 | 47-92 | 67 | 23-44 

859.42 38 | 47.28 | 68 | 22.48 

| 9 | 59.26 | 39 | 46.63 | 69 | 21.50 
10 | 59.09 | 40 | 45.97 | 70 | 20.52 
I1 | $8.89 | 41 | 45.28 | 71 | 19.53 
12 | 58.69 | 42 | 44.59 | 72 | 18.54 
13 | 58.46 | 43 | 43-88 | 73 | 17-54 
14 | 58.22 | 44 | 43-16 | 74 | 16.53 
15 | 57-95 | 45 | 42:43 | 75 | 15-52 
16 | 57.67 | 46 | 41.68 | 76 | 14.51 
17 | 57-35 | 47 | 40-92 | 77 | 13-50 
18 | 57.06 | 48 | 40.15 | 78 | 12.48 
19 | 56.73 | 49 | 39-36 | 79 | 11-45 
20 | 56:38 | co | 38.57 | Bo | 10.42 
21 1 60.02] c1- 1-37-76 + $1:1-: 9-39 
23 | 55.63 | $2 | 36.94 | 82 | 8.35 
23 | 55-23 | 53 | 36-11 | 83 | 7.32 
24 | 54.81 | 54 | 35.27 | 84 | 6.28 
25 | 54-358 | $5 | 34-41 | 85g | $-24 
26 | 53-93 | 56 | 33-55 | 86 | 4-20 
27 | 53-49 | 57 | 32-68 | 87 | 3-15 
28 | 52.96 | 58 | 31.79 | 88 | 2.10 
29 | 52:47 | 59 | 30.90 | 89 | 1.05 

| 30 | 51.96 | 60 | 30.00] go o. c 
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PROBLEM VII. 


The hour of the day at any place being given, to ſud 
all thoſe places where it is noon at that time, 


Bring the given place to the braſen meridian, 
and ſer the index to th&given hour; this done, 
| turn the globe until the index points to the upper 
| XII, and then, all the places that lie under the 
braſen meridian have none at that time, 


N. B. The upper XII always ſtands for noon; pl 
N and when the bringing of any place to the braſen ” 
meridian 1s mentioned, the ſide of that meridian | 

| on which the degrees are reckoned from the F 
equator is meant, unleſs the contrary ſide be N 
| mentioned. Met! 
| over 
PROBLEM IX. Al t 

The hour of the day at any place being given, to find the 

what time it then is at any other place. rc 

egt 


Bring the given place to the braſen meridian, 
and ſet the index to the given hour; then turn i it 
the globe, until any place where the time is re- 
quired comes to the braſen meridian, and the in- 
dex will point out the time at that place. 

9 


Ai 
PROBLEM:--X. 1 
To find the ſun's place in the ecliptic, and bis 
declination *, for any given day of the year. b 
Look on the horizon for the given day, and and 
| right agamſt it you have the degree of the ſign 
} in which the ſun is (or his place) on that day 
fl 5 
| 
| * The ſun's declination is his diſtance from the equinoc- my 
| tial in degrees, and is north or ſouth, as the ſun is betwcen 40 
the equinoctial and the north or ſouth pole. pola 


al 
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x noon. Find the ſame degree of that ſign in 


the ecliptic line upon the globe, and having 
brought it to the braſen meridian, obſerve what 
degree of the meridian ſtands over it; for that 
' the ſun's declination, reckoned from the 
equator. 


PROBLEM. XI. 


The day of the month being given, to find all thoſe 
places of the earth over which the ſun will paſs 
vertically on that day. 


Find the ſun's place in the ecliptic for the 
given day, and having brought it to the braſen 
meridian, obſerve what point of the meridian is 
over it; then turning the globe round its axis, 
al thoſe places which paſs under that point of 
the meridian are the places required; for as 
their latitude 1s equal, in degrees and parts of a 
degree, to the ſun's declination, the ſun mult be 
rertical (or directly over head) to each of them 
x its reſpective noon. 


PROBLEM - XI. 


place being given in the torrid zone *, to find thoſe 
two days of the year, on which the ſun ſhall be 
vertical to that place. 


Bring the given place to the braſen meridian, 
and mark the degree of latitude that is exactly 
over 


* The globe is divided into five zones; one torrid, two 
temperate, and two frigid. Ihe torrid zoxe lies between the 
wo tropics, and is 47 degrees in breadth, or 234 on each fide 
of the equator: the temperate xones lie between the tropics and 
polar circles, or from 235 degrees of latitude, to 664, on 


each 


1 
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over it on the meridian; then turn the globe 
round its axis, and obſerve the two degrees of 
the echptic which paſs exactly under that degree 
of latitude: laſtly, find on the wocden horizon 
the two days of the year on which the ſun is in 
thoſe degrees of the ecliptic, and they are the 
days required: for on them, and none elſe, the 
ſun's declination 1s equal to the latitude of the 
given place; and conſequently, he will then be 
vertical to 1t at noon, 


PROBLEM XIII. 


To find all thoſe places of the north frigid zinc 
where the ſun begins to ſhine conſtantly without 
ſetting, on any given day, from the 20th of Marth, 
to the 22d of September. 


On theſe two days, the ſun is in the equinoc- 
tial, and enlightens the globe exactly from pole 
to pole: therefore, as the earth turns round its 
axis, which terminates in the poles, every place 
upon 1t will go equally through the light and the 
dark, and ſo make the day and night equal to 
all places of the earth, But as the ſun declines 
from the equator, toward either pole, he will 
ſhine juſt as many degrees round that pole, as 
are equal to his declination from the equator; 
ſo that no place within the diſtance of the pole 
will then go through any part of the dark, and 
conſequently the ſun will not ſet to it. Now, as 


each ſide of the equator; and are each 43 degrees in breadth: 


the frigid zones are the ſpaces included within the polar 


circles, which being each 23+ degrees from their reſpectire 
poles, the diameter of each of theſe zones is 47 degrees. As 
the ſun never goes without the tropics, he muſt every moment 
be vertical to ſome place or other in the torrid zone. 
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te ſun's declination is northward, from the 20th 
of March to the 22d of September, he muſt con- 
ſtantly ſhine round the north pole all that time; 
and on the day that he is in the northern tropic, 
he ſhines upon the whole north frigid zone; fo 
that no place within the north polar circle goes 
through any part of the dark on that day. 
Therefore, 

Having brought the ſun's place for the given 
Gy to the braſen meridian, and found his de- 
cination (by Prob. IX.) count as many degrees 
on the meridian, from the north pole, as are 
equal to the ſun's declination from the equator, 
and mark that degree from the pole where the 
reckoning ends: then, turning the globe round 
is axis, obſerve what places in the north frigid 
zone paſs directly under that mark; for they are 
the places required. 

The like may be done for the ſouth frigid 
zone, from the 22d of September to the 20th of 
March, during which time the ſun ſhines con- 
antly on the ſouth pole. 


PROBLEM XIV. 


lo find the place over which the ſun is vertical, at 
any hour of a given aay. 


Having found the ſun's declination for the 
ven day (by Prob. IX.) mark it with a chalk 
on the brazen meridian : then bring the place 
mere you are (ſuppoſe London) to the braſen 
meridian, and ſet the index to the given hour; 
mich done, turn the globe on its axis, until the 
ndex points to XII at noon; and the place on 
ve globe, which is then directly under the point 
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of the ſun's declination marked upon the mer. 
dian, has the ſun that moment in the zenith, oi 


directly over head. 


PRORLEN XV. 


Ihe day and hour at any place being given, to fd 
all thoſe places where the ſun is then riſing, or 
felling, or on the meridian : conſequently all thiſe 
places which are enlightened at that time, and 

 thiſe which are in the dark. f 


This problem cannot be folved by any globe 
firted up in the common way, with the hour 
circle fixed upon the braſs meridian; unleſs the 
ſun be on or near ſome of the tropics on the 
given day. But by a globe fitted up according 
to Mr. Joſeph Harris's invention (already men- 
tioned) where the hour-circle lies on the ſurface 
of the globe, below the meridian, it may be ſolved 
for any day in the year, according to his me- 
thod; which 1s as follows. 

Having found the place to which the ſun is 
vertical at the given hour, if the place be in the 
northern hemiſphere, elevate the north pole as 
many degrees above the horizon, as are equal to 
the Jatirude of that place; if the place be in the 
ſouthern hemiſphere, elevate the ſouth pole ac- 
cordingly; and bring the ſaid place to the braſen 
meridian. Then, all thoſe places which are in 
the weſtern ſemicircle of the horizon, have the 
ſun riſing to them at that time; and thoſe in the 
caſtern {cmicircle have it ſetting: to thoſe under 
the upper ſemicircle of the braſs meridian, it is 
noon; and to thoſe under the lower ſemicircle, 
it is midnight. All thoſe places which are 


above the horizon, are enlightened by the = 
anc 


erl- 
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and have the ſun juſt as many degrees high to 


them, as they themſelves are above the horizon: 


and this height may be known, by fixing the 
uadrant of altitude on the braſea meridian over 
he place to which the ſun 1s vertical; and then, 
laying it over any other place, obſerve what 
number of degrees on the quadrant are inter- 
cepted between the ſaid place and the horizon. 


have dark night. 
If any place be brought to the upper 


the index will ſhew the time of ſun-ſer, 


horizon, the ſun ſets not on that day: 


not riſe. 


PROBLEM XVL 


be viſible. 


The moon is never eclipſed but when 
lull, and fo directly oppoſite to the ſun, t 
2 2 


ln all thoſe places that are 18 degrees below the 
weſtern ſemicircle of the horizon, the morning 
twilight is juſt beginning; in all thoſe places that 
are 18 degrees below the eaftern ſemicircle of 
the horizon, the evening twilight is ending; and 
al thoſe places that are lower than 18 degrees, 


ſemi- 


circle of the braſen meridian, and the hour index 
be ſet to the upper XII or noon, and then the 
globe be turned round eaſtward on its axis; 
when the place comes to the weſtern ſemicircle 
of the. horizon, the index will ſhew the time of 
un-riſing at that place; and when the fame place 
comes to the eaſtern ſemicircle of the horizon, 


To thoſe places which do not go under the 


and to 


thoſe which do not come above it, the ſun docs 


The day and hour of a lunar eclipſe being given; 15 
find all thoſe places of the earth to which it will 


ſhe 15 
hat the 


earth's , 
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earth's ſhadow falls upon her. Therefore, wh. 
ever place of the earth the ſun is vertical to a 
that time, the moon muſt be vertical to the an- 


tipodes of that place: fo that the ſun will be then 


viſible to one half of the earth, and the moon to 
the other. 

Find the place to which the ſun is vertical at 
the gtven hour (by Prob. XIV.) elevate the pole 
to the latitude of that place, and bring the place 
to the upper part of the braſen meridian, as in 
the former problem: then, as the fun will be 


viſible to all thoſe parts of the globe which are 


above the horizon, the moon will be viſible to all 
thoſe parts of the globe which are below it, at the 
time of her greateſt obſcuration. 

But with regard to an eclipſe of the ſun, there 
1s no ſuch thing as ſhewing to what places it wil 
be viſible, with any degree of certainty, by a 
common globe; becauſe the moon's ſhadow co- 
vers but a ſmall portion of the earth's ſurface; 
and her latitude, or declination from the ecliptic, 
throws her ſhadow ſo variouſly upon the earth, 
that to determine the places on which it falls, re- 
courſe muſt be had to long calculations. 


PROBLEM XVI. 


To refify the globe for the latitude, the zenith *, | 


and the ſun's place, 
Find the latitude of the place (by Prob. I.) and 


if the place be in the northern hemiſphere, raiſe the 


north pole above the north point of the horizon, 


* The zenith, in this ſenſe, is the higheſt point of the braſen 
meridian above the horizon; but in the proper ſenſe it is that 
point of the heaven which is directly vertical to any gien 


place, at any given inſtant of time, 
4s 
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« many degrees (counted from the pole upon 
te braſen meridian) as are equal to the latitude 
of the place. If the 
temiſphere, raiſe the ſouth pole above the ſouth 

int of the horizon, as many degrees as are equal 
o the latitude. Then turn the globe till the 
ace comes under its latitude on the braſen me- 
xdian, and faſten the quadrant of altitude ſo, 


at the chamfered edge of its nut (which is even 


ih the graduated edge) may be joined to the 
xnith, or point of latitude. This done, bring 
he ſun's place in the ecliptic for the given day, 
(ound by Prob. X. ) to the graduated ſide of the 
braſen meridian, . and ſet the hour-index to XII 


itnoon, which 1s the uppermoſt XII on the hour- 
urcle; and the globe will be rectified. 


place be in the ſouthern 
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The latitude of any place 1s equal to the ele- Remark, 


nation of the neareſt pole of the heaven above 
the horizon of that place; and the poles of 
the heaven are directly over the poles of the 
arth, each go degrees from the equinoCtial 
ine, Let us be upon what place of the earth 
we will, if the limits of our view be not in- 
tercepted by hills, we ſhall ſee one half of the 
teaven, or go degrees every way round, from 
hat point which is over our heads. Therefore, 
we were upon the equator, the poles of the 


ieaven would lie in our horizon, or limit of our 


new; if we go from the equator, toward either 
pole of the earth, we ſhall ſee the correſponding 
ole of the heaven riſing gradually above our 
orizon, juſt as many degrees as we have gone 
rom the equator: and if we were at either of 
vie earth's poles, the correſponding pole of the 
ieaven would be directly over our head. Con- 
tquently, the elevation or height of the pole in 

S 4 degrees 


RS ————— 
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degrees above the horizon, 1s equal to the num. 
ber of degrees that the place 1s from the equator, 


PROBLEM XVIII. 


The latitude of any place, not exceeding * 661 d. 
grees, and the day of the month, being given; t 
find the time of ſun-riſmng and ſetting, and coſe. 
quently the length of the day and night. 


Having rectified the globe for the latitude, 
and for the ſun's place on the given day (as di. 
rected in the preceding problem) bring the ſun's 
place in the echptic to the eaſtern ſide of the ho- 
rizon, and the hour index will ſhew the time of 
Him- riſing; then turn the globe on its axis, until 
the ſun's place comes to the weſtern fide of the 
horizon, and the index will ſhew the time of ſun- 
terting. 

The hour of ſun-ſctting doubled, gives the 
length of the day; and the hour of ſun-nſing 
doubled, gives the length of the night, 


PROBLEM XR. 
The latitude of any place, and the day of the meth, 


being given; to find when the morning twilight 
yegins, and the evening twilight ends, at ibat 
Place. | 


This problem is often limited ; for, when the 
{un does not go 18 degrees below the horizon, 
the twilight continues the whole night; and for 


* All places whoſe latitude is more than 667 degrees, 
are in the frigid zones: and to thoſe” places the ſun does not 
ſet in ſummer, for a certain number of diurnal revolutions, 
which occaſions this limitation of latitude, 
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ſereral nights together in ſummer, between 49 
and 664 degrees of latitude: and the nearer to 


662, the greater is the number of theſe nights. 


But when it does begin and end, the follow- 
ng method will ſhew the time for any given 
day. | 
ReRify the globe, and bring the ſun's place in 
the otic to the eaſtern ſide cf the horizon; 

then mark that point of the ecliptic with a chalk 

which is in the weſtern ſide of the horizon, it be- 
ing the point oppoſite to the ſun's place: this 
done, lay the quadrant of altitude over the ſaid 
point, and turn the globe caſtward, keeping the 
quadrant at the chalk- mark, until it is juſt 18 
degrees high on the quadrant; and the index 
Kill point out the time when the morning twi- 
light begins: for the ſun's place will then be 18 
degrees below the eaſtern ſide of the horizon. 
To find the time when the evening twilight ends, 
bring the ſun's place to the weſtern ſide of the 
horizon; and the point oppoſite to it, which was 
marked with the chalk, will be riſing in the caſt: 
then, bring the quadrant over that point, and 
keeping it thereon, turn the globe weſtward, 
until the ſaid point be 18 degrees above the ho- 
zon on the quadrant, and the index will ſhew 
the time when the evening twilight ends; the 


ſun's place being then 18 degrees below the 


veltern fide of the horizon. 
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PROBLEM XX. 


To find on what day of the year the ſun begins ty 
ſhine conſtantly without ſetting, on any given place 
in the north frigid zone; and how long be con- 
tinues to do ſo. 


Rectify the globe to the latitude of the place, 
and turn it about until ſome point of the ecliptic, 
between Aries and Cancer, coincides with the 
north point cf the horizon where the braſen 
meridian cuts it: then find, on the wooden 
horizon, what day of the year the ſun 1s 1n that 
point of the ecliptic; for that 1s the day on 
which the ſun begins to ſhine conſtantly on the 
given place, without ſetting. This done, tum 
the globe until ſome point of the ecliptic, be- 
tween Cuncer and Libra, coincides with the 


north point of the horizon, where the braſen 


meridan cuts it; and find, on the wooden 
horizon, on what day the fun is in that point of 
the ecliptic; which is the day that the ſun leaves 
off conſtantly ſhining on the ſaid place, and riſes 
and ſets to it as to other places on the globe. 
The number of natural days, or complete re- 
volutions of the ſun about the earth, between 
the two days above found, is the time that the 


ſun keeps conſtantly above the horizon without 


ſetting : for all the portion of the ecliptic, that 
lies between the two points which interſect the 
horizon in the very north, never ſets below it: 


and there is juſt as much of the oppoſite part ol 


the ecliptic that never riſes; therefore, the ſun 


will keep as long conſtantly below the horizon in 


winter, as above it in ſummer. 
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Whoever conſiders the globe, will find, that 
al places of the earth do equally enjoy the be- 
nefit of the ſun, in reſpect of time, and are 
equally deprived of it. For, the days and nights 
xe always equally long at the equator: and in all 
places that have latitude, the days at one time of 
the year are exactly equal to the nights at the 
oppoſite ſeaſon. 


PROBLEM XXI. 


To find in what latitude the ſun ſhines conſtantly 
without ſetting, for any length of time leſs than 
* 182k of our days and nights. 


Find a point in the ecliptic half as many de- 
erees from the beginning of Cancer (either to- 
ward Aries or Libra) as there are natural days F 
in the time given; and bring that point to the 
north ſide of the braſen meridian, on which the 
degrees are numbered from the 2 toward 
the equator: then, keep the globe from turning 
on its axis, and ſlide the meridian up or down, 
until the aforeſaid point of the ecliptic comes 
to the north point of the horizon, and then, the 
clevation of the pole will be equal to the latitude 
required, 


The reaſon of this limitation is, that 1822 of our days 
and nights make half a year, which is the longeſt time that the 
lun ſhines without ſetting, even at the poles of the earth. 

A natural day contains the whole 24 hours: an artificial 
diy, the time that the ſun is above the horizon. 
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PROBLEM XXII. 


The latitude of a place, not exceeding 66 degrees, 
and the day of the month being given; to find 
the ſun's amplitude, point of the compaſs on which 
Be riſes or ſets on that day. 


Rectify the globe, and bring the ſun's place 
to the eaſtern ſide of the horizon; then obſerve 
what point of the compaſs on the horizon ſtand; 
right againſt the ſun's place, for that is his 
amplitude at riſing. This done, turn the globe 
weſtward, until the ſun's place comes to the 
weſtern ſide of the horizon, and it will cut the 
point of his amplitude at ſetting. Or, you may 
count the riſing amplitude in degrees, from the 
eaſt point of the horizon, to that point where 
the ſun's place cuts it; and the ſetting ampli- 


tude, from the weſt point of the horizon, to the 
ſun's place at ſetting. 


PROBLEM XXII 


The latitude, the ſun's place, and his altitude *, 
being given; to find the hour of the day, and 


* the ſun's azimuth, or number of degrees that he 
is diſtant from the meridian. 


Rectify the globe, and bring the ſun's place 
to the given height upon the quadrant of alti- 
tude ; on the eaitern fide of the horizon, if the 


time be in the forenoon; or the weſtern ſide, if 


* The ſun's altitude, at any time, is his height in degrees 
above the horizon at that time. 
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t be in the afternoon : then, the index will ſhew 
the hour ; and the number of degrees in the ho- 
izon intercepted between the quadrant of alti- 
tude and the ſouth point, will be the ſun's true 
12zimuth at that time. 

N. B. Always when the quadrant of altitude is 
mentioned in working any problem, the gra- 
duated edge of it is meant. 

If this be done at ſea, and compared with the 
ſun's azimuth, as ſhewn by the compaſs, if they 
agree, the compals has no variation in that place: 
but if they differ, the compaſs does vary; and 
the variation is equal to this difference, 


PROBLEM XXIV. 


The latitude, hour of the day, and the ſun's place, 
being given; to find the ſun's altitude and 
azimuth. 


Rectiſy the globe, and turn it until the index 
points to the given hour; then lay the quadrant 
of altitude over the ſun's place in the ecliptic, 
and the degree of the quadrant cut by the ſun's 
place is his altitude at that time above the 
worizon; and the degree of the horizon cut by 
the quadrant in the ſun's azimuth, reckoned from 
the fourth, 
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PROBLEM XXV. 


The latitude, the ſun's altitude, and his azimuth 
being given; to find his place in the ecliptic, the 
400 of the month, and hour of the day, though 
they had ell been loft. 


Rectify che globe for the latitude and zenith *, 
and ſet the quadrant of altitude to the given 
azimuth in the horizon; keeping it there, turn 
the globe on its axis until the ecliptic cuts the 
quadrant in the given altitude; that point of 
the ecliptic which cuts the quadrant there, will 
be the ſun's place; and the day of the month 
anſwering thereto, will be found over the like 
place of the fun on the wooden horizon. Keep 
the quadrant of altitude in that poſition, and 
having brought the ſun's place to the braſen me- 
ridian, and the hour index to XII at noon, turn 
back the globe, until the ſun's place cuts the 
quadrant of altitude again, and the index will 
ſhe w the hour. 

Any two points of the ecliptic which are 
equidiſtant from the beginning of Cancer or of 
Capricorn, will have the fame altitude and azi- 
muth at the {ame hour, though the months be 
different; and therefore it requires ſome care in 


this problem, not to miſtake both the month, 


and the day of the month; to avoid which, ob- 
ſerve, that from the 20th of March to the 21ſt 
of June, that part of the ecliptic which is be- 


M By rectiſying the globe for the zenith, is meant ſcrew- 


ing the quadrant of altitude to the given latitude on the 
braſs meridian, 


tween 


en 
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ween the beginning of Aries and beginning of 
Cancer is to be uſed ; from the 21ſt of June to 
the 22d of September, between the beginning 
of Cancer and beginning of Libra: from the 
224 of September to the 21ſt of December, 
between the beginning of Libra and the begin- 
ning of Capricorn; and from tae 21ſt of Decem- 
ber to the 20th of March, between the begin- 
ning of Capricorn and beginning of Aries. And 
s one can never be at a loſs to know in what 
quarter of the year he takes the ſun's altitude and 
azimuth; the above caution, with regard to the 
quarters of the ecliptic, will keep him right as 
to the month and day thereof. 


PROBLEM XXVI. 


To find the length of the longeſt day at any given 
place. 


If the place be on the north ſide of the equa- 
tor, find its latitude (by Prob. I.) and elevate 
the north pole to that latitude ; then, bring the 
beginning of Cancer & to the braſen meridian, 
and ſet the hour-index to XII at noon. But if 
the given place be on the ſouth ſide of the 
equator, elevate the ſouth. pole to 1ts latitude, 
and bring the beginning of Capricorn M to the 
braſs meridian, and the hour-index to XII. 
This done, turn the globe weſtward, until the 
beginning of Cancer or Capricorn (as the latitude 
is north or ſouth) comes to the horizon; and 
the index will then point out the time of ſun- 
ſetting, for it will have gone over all the after- 
noon hours, between mid-day and ſun-ſet; 

5 which 


287 


| 
| 
| 
|| 
1 


* 


The Uſe of the Terreſt: ial Globe. 


which length of time being doubled, will gin 
the whole length of the day, from ſun-riſing t 
ſun-ſetting. For, in all latitudes, the fun rife 
as long before mid-day, as he ſets after it. 


PROBLEM XXVII. 


To find in what latitude the longeſt day is of an 
given length leſs than 24 hours. 


If the latitude be north, bring the beginning 
of Cancer to the braſen meridian, and elevate 
the north pole to about 66 degrees; but if 
tlie latitude be ſouth, bring the beginning of 
Capricorn to the meridian, and elevate the ſouth 
pole to about 664 degrees; becauſe the longel 
day in north latitude, is when the ſun is in the 
firſt point of Cancer; and in ſouth latitude, 
when he is in the firſt point of Capricorn. Then 
ſet the hour-index to XII at noon, and turn the 
globe weſtward, until the index points at half 
the number of hours given : which done, keep 
the globe from turning on its axis, and ſlide the 
meridian down in the notches, until the afore- 
ſaid point of the ecliptic (viz. Cancer or Capri 
corn) comes to the horizon ; then, the elevation 
of the pole will be equal to the latitude re- 
quired. 
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| give 
ng to PROBLEM XXVIII. 
1 riſes 
ſhe latitude of any place, not exceeding 66 de- 
grees, being given; to find in what climate“ 
the place is. | 


Find the length of the longeſt day at the given 
ace by Prob. XX VI. and whatever be the 
wmber of hours whereby it exceeds twelve, 
ouble that number, and the ſum will anſwer to 


of ary 


inning he climate, in which the place is. 
levate 

but if 

ing of PRO BTL. EM XXI. 


> ſouth 

ongelt WThe latitude, and the day of the month, being given; 
in the t find the hour of the day when the ſun ſhines. 
titude, 


Then Set the wooden horizon truly level, and the 
rn the Whraſen meridian due north and ſouth by a ma- 
at half {Wriner's compaſs: then, having rectified the 
, keep obe, ſtick a ſmall ſewing needle into the ſun's 
ide the face in the ecliptic, perpendicular to that part 
afore- ¶ the ſurface of the globe: this done, turn the 


Capri 
vation 
Ide re- 


gobe on its axis, until the needle comes to the 
walcn meridian, and ſet the hour-index to XII. 


A climate from the equator to either of the polar cir- 
s, is a tract of the earth's ſurface, included between two 
ach parallels of latitude, that the length of the longeſt 
in the one exceeds that in the other by half an hour; 
rom the polar circles to the poles, where the ſun keeps 
g above the horizon without ſetting, each climate dif- 
a whole month from the one next to it. There are 
*nty-tour climates between the equator and each of the 


vur circles; and fix from each polar circle to its reſpec- 
Ie pole. | 
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| at noon; then, turn the globe on its axis, until 
| the needle points exactly toward the ſun, (which 
it will do when it caſts no ſhadow on the globe) 
and the index will ſhew the hour of the day, 


PROBLEM XXX. 


A pleaſant way of ſhewing all thoſe places of the 
earth which are enlightened by the ſun, and alj 
the time of the day when the ſun ſhines. 


Take the terreſtrial ball out of the wooden 
horizon, and alſo out of the braſen meridian; 
then ſet it upon a pedeſtal in ſun-ſhine, in ſuch 
a manner, that its north pole may point directly 
toward the north pole of the heaven, and the 
meridian of the place where you are be direct 
toward the ſouth. Then, the fun will ſhine 
upon all the like places of the globe, that he 
does on the real earth, riſing to ſome when he 
is ſetting to others; as you may perceive by that 
part where the enlightened half of the globe 1s 
divided from the half in the ſhade, by the 
boundary of the light and darkneſs : all thoſc 
places, on which the ſun ſhines, at any time, 
having day ; and all thoſe, on which he docs 
not ſhine, having night. 

If a narrow flip of paper be put round the 
equator, and divided into 24 equal parts, be- 
ginning at the meridian of your place, and the 
hours be ſet to thofe diviſions in ſuch a manner, 
that one of the VI's may be upon your mem 
dian; the ſun being upon that meridian at 
noon, Will then ſhine exactly to the two XII, 


and at one to the two I's, &c. So WY the 
place, 
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Obſervations concerning it, 
place, where the enlightened half of the globe 
is parted from the ſhaded half, in this circle of 
hours, will ſhew the time of the day. | 
The principles of dialing ſhall be explained 
farther on, by the terreſtrial globe. At preſent 
we ſhall only add the following obſervations 
upon it ; and then proceed to the uſe of the ce- 
eſtial globe. 


1. The latitude of any place 1s equal to the eleva- 
tun of the pole above the horizon of that place, 
and the elevation of the equator is equal to the com- 
plement of the latitude, that is, to what the lati- 
tude wants of 90 degrees. 

2, Thoſe places which lie on the equator, have no 
latitude, it being there that the latitude begins ; and 
thoſe places which lie on the firſt meridian have no 
lmpitude, it being there that the longitude begins. 
Conſequently, that particular place of the earth where 
the firſt meridian interſects the equator, bas neither 


lmpitude nor latitude. 


3. At all places of the earth, except the poles, 
all the points of the compaſs may be diſtinguiſhed in 
the horizon: but from the north pole, every place 
i ſouth; and from the ſouth pole, every place 
% north, Therefore, as the ſun is conſtantly above 
tbe horizon of each pole for half a year in its turn, 
be canngt be ſaid to depart from the meridian of 
utber pole for half a year tog-ther. Conſequently, 
a the north pole it may be ſaid to be noon every mo- 
ment for half a year; and let the winds bliw 
jrom what part they will, they muſt always blow 
Foo the ſouth ; and at the ſouth pele, from the 
writh, ; 

4. Becauſe one balf of the ecliptic is above the 
borizon of the pole, and the ſun, moon, and planets 
node in (or nearly in) the ecliptic ; they will all 

1 | 
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292 OBſervations concerning the 
riſe and ſet to the poles. But, becauſe the lars new 
change their declinations from the equator, (at leaf 
not ſenſibly in one age) thoſe which are once abo: 
the horizon of either pole, never ſet below it; and 
thoſe which are once below it, never rife. 

. All places of the earth do equally enjoy the be- 
refit of the ſun, in reſpect of time, and are equal 
deprived of it. 

6. All places upon the equator have their day; 
and nights equally long, that is, 12 hours each, it 
all. times of the year. For although the ſun declines, 
alternately, from the equator toward the north and 
toward the ſouth, yet, as the horizon of the equa- 
tor cuts all the parallels of latitude and declinatiq 
in halves, the ſun muſt always continue above the 
horizon for one half a diurnal revolution about the 
earth, and for the other half below it. 

7. When the ſun's declination is greater than ile 
latitude of any place, upon either fide of the equatir, 

the ſun will come twice to the ſame azimuth or point 
of the compaſs in the forenoon, at that place, and 
twice to a like azimuth in the afternoon ; that is, 
he will go twice back every day, while his declina- 
tion continues to be greater than the latitude. Thus, 
ſuppoſe the globe rectiſied to the latitude of Barba- 
does, which is 13 degrees north; and the ſun tobt 
any where in the ecliptic, between the middle i 
Taurus and middle of Leo; if the quadrant of al. 
titude be ſet to about 18 degrees“ north of the ea 
in the horizon, the ſun's place be marked with a 
chalk upon the ecliptic, and the globe be then turnts 
weſtward on its axis, the ſaid mark will riſe in tht 
horizon a little to the north of the quadrant, and 
thence aſcending, it will croſs the quadrant toward 


* From the middle of Gemini to the middle of Canct!, 
the quadrant may be ſet 20 degrees. 
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the ſouth ; but before it arrives at the meridian, it 


zaf will croſs the quadrant again, and paſs over the 
ode meridian northward of Barbadoes. And if the 
and quadrant be ſet about 18 degrees north of the weſt, 

the ſun's place will croſs it twice, as it deſcends from 
bo. the meridian toward the horizon, in the afler- 
ally goon. 


8. In all places of the earth between the equator 

and poles, the days and nights are equally long, viz. 
12 hours each, when the ſun is in the equinoctial; 
for, in all elevations of the pole, ſhort of go degrees 
(which is the greateſt) one half of the equator or 
equinoftial will be above the horizon, and the other 
balf below it. 
» the 9. The days and nights are never of an equal 
t the length at any place between the equator and polar 
arcles, but when the ſun enters the ſigns Aries and 
Libra. For in every other part of the ecliptic, 
the circle of the ſun's daily motion is divided into 
two unequal parts by the horizon. 

10. The nearer any place is to the equator, the 
leſs is the difference between the length of the days 
ond nights in that place; and the more remote, 
the contrary. The circles which the ſun deſcribes 
in the heaven every 24 hours, being cut more nearly 
2 in the former caſe, and more unequally in the 
aller. 

11. In all places lying upon any given parallel 
F latitude, however long or ſhort the day or night 


Near, it is then of the ſame length at all the reſt ; 
fir in turning the globe round its axis (when refti- 
hed according to the ſun's declination) all theſe 


Places will keep equally long above or below the ho- 
ſizon. 


12. The fun is vertical twice a year to every 
Place between the tropics ; to thoſe under the tropics, 
U 2 once 


be at any one of theſe places, at any time of the 
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once a year, but never any where elſe. For, tber 
can be no place between the tropics, but that ther: 
will be two points in the ecliptic, whoſe declination 
from the equator is equal to the latitude of that 
place; and but one point of the ecliptic which bat 


a declination equal to the latitude of places on the 
tropic which that point of the ecliptic touches ; and 
as the ſun never goes without the tropics, he ca 
never be vertical to any place that lies without 
them. 

13. To all places in the torrid zone *, the dura- 
tion of the twilight is leaſt, becauſe the ſun's daily 
motion is the moſt perpendicular to the horizon, ht 
the frigid zones r, greateſt ; becauſe the ſun's dai) 
motion is nearly parallel to the horizon ; and there- 
fore be is the longer of getting 18 degrees below it, 
till which time the twilight always continues, 
And in the temperate zones Þ it is at a medium be- 
tween the two, becauſe the obliquity of the ſun's 
daily motion is ſo. 

14. In all places lying exafly under the polar 
circles, the ſun, when be is in the neareſt tropic, 
continues 24 hours above the horizon without ſet- 
ting; becauſe no part of that tropic is below their 
horizon. And when the ſun is in the farthi 
tropic, he is for the ſame length of time without 
riſing ; becauſe no part of that tropic is above thett 
horizon. But, at all other times of the year, be 
riſes and ſets there, as in other places; becauſe al 
the circles that can be drawn parallel to the equatir, 
between the tropics, are more or lefs cut by tht 
horizon, es they are farther from, or nearer tt, 
that tropic which is all above the horizon : ans 


* Between the tropics. 
Between the polar circles and poles. 
+ Between the tropics and polar circles. 
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when the ſun is not in either of the tropics, his 
diurnal courſe muſt be in one or other of theſe 
circles. 

15. To all places in the northern hemiſphere, 
from the equator to the polar circle, the longeſt day 
and ſhorteſt night is when tbe ſun is in the northern 
tropic; and the ſhorteſt day and longeſt night is 
when the ſun is in the ſouthern tropic; becauſe no 
circle of the ſun's daily motion is ſo much above the 
horizon, and ſo little below it, as the northern tro- 
pic ; and none ſo little above it, ad fo much below 
it, as the ſouthern. In the ſoutbern hemiſphere, the 
(MIrary. 

16. In all places between the polar circles and 
poles, the ſun appears for ſome number of days (or 
rather diurnal revolutions) without ſetting ; and at 
the oppoſite time of the year without riſing ; becauſe 
ſome part of the ecliptic never ſets in the former 
caſe, and as much of the oppoſite part never riſes in 
the latter. And the nearer unto, or the more re- 
mate from the pole, theſe places are, the longer or 
ſhorter is the ſun's continuing preſence or abſence. 

17. Fa ſhip ſets out from any port, and ſails 
round the earth eaſtward to the ſame port again, 
let her take what time ſhe will to do it in, the 
people in that ſbip, in reckoning their time, will 
gain one complete day at their return, or count one 
day more than thoſe who reſide at the ſame port ; 
becauſe; by going contrary to the ſun's diurnal motion, 
and being forwarder every evening than they were 
in the morning, heir horizon will get ſo much the 
ſooner above the ſetting ſun, than if they bad kept 
for a whole day at any particular place. And thus, 
by cutting off a part proportionable to their own 
motion, from the length of every day, they will 
gain a complete day of that ſort at their returu; 
without gaining one moment of abſolute time more 

| VU 3 than 
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than is elapſed during their courſe, to the people at 
the port. If they fail weſtward, they will reckon 
one day leſs than the people do who refide at the 


ſaid port, becauſe, by gradually following the ap- 


parent diurnal motion of the ſun, they will keep 
him each particular day ſo much longer above their 
horizon, as anſwers to that day's courſe ; and by 
that means, they cut off a whole day in reckoning, 
at their return, without l:fing one moment of ab- 


ſolute time. 


Hence, if two ſbips ſhould ſet out at the ſame 
time from any port, and ſail round the globe, one 
eaſtward and the other weſtward, ſo as to meet at 
the ſame port on any day whatever, they will differ 
two days in reckoning their time, at their return, 
If they ſail twice round the earth, they will differ 
four days; if thrice, then fix, Sc. 


LECT, 


The uſe of the celetial globe, and 
| 5 ſphere, | 


armillary 


The cele/- AVING done for the preſent with the 


cial glabe. 


To rec- 
tify it, 


terreſtrial globe,' we' ſhall proceed to the 
uſe of the celeſtial ; firſt premiſing, that as the 
equator, ecliptic, tropics, polar circles, hori- 
zon, and braſen meridian, are exactly alike on 


both globes, all the former problems concern- } 


ing the ſun are ſolved the ſame way by both 
globes. The method alſo of rectifying the 
celeſtial globe is the ſame as rectifying the ter- 
reſtrial, viz. Elevate the pole according to the 
latitude of your place, then ſcrew the quadrant 
of altitude to the zenith, on the braſs meridian ; 
bring the ſun's place in the ecliptic to the 
graduated edge of the braſs meridian, on bro 
re | Hs: . fide 
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fde which is above the ſouth point of the wooden 
horizon, and ſet the hour-index to the upper- 
moſt XII, which ſtands for noon. 

N. B. The ſun's place for any day of the year 
ſtands directly over that day on the horizon of ) 
the celeſtial globe, as it does on that of the ter- 
reſtrial. 

The latitude and longitude of the ſtars, and of Latitude 
al other celeſtial phenomena, are reckoned in a and /orgi- 
very different manner from the latitude and n 
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lngitude of places on the earth: for all terreſ- OY 
trial latitudes are reckoned from the equator; 
and longitudes from the meridian of ſome re- 
markable place, as of London by the Britiſh, 
and of Paris by the French ; though moſt of 
the French maps begin their longitude at the 
meridian of the iſland Ferro. — But the aſtro- 
nomers of all nations agree in reckoning the 
latitudes of the moon, ſtars, planets, and comets, | 
from the ecliptic; and their /ongitudes from the 
equinoftial colure *, in that ſemicircle of it which 
cuts the ecliptic at the beginning of Aries, v ; 
and thence eaſtward, quite round, to the ſame 
he kmicircle again, Conſequently thoſe ſtars which 
the le between the equinoctial and the northern 
he half of the ecliptic, have north declination and 
Ni- ſouth latitude; thoſe which lie between the 
on equinoctial and the ſouthern half of the ecliptic, 
n- have ſouth declination and north latitude ; and 
0 * The great circle that paſſes through the equine&ia} 
* hoints at the beginning of ꝙ and , and through the poles : 
of the world (which are two oppoſite points, each go de- 0 
he grees from the equinoctial) is called the equinoFial colure 5 Colurgs, 
ant and the great circle that paſſes through the beginning of 25 f. 
= and Vp, and alſo through the poles of the eclipric, and poles | . 
he ef the world, is called the /o/fitial colure, 
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all thoſe which he between the tropics and poles, 
have their declinations and latitudes of the ſame 


denomination. 


There are ſix great circles on the celeſtial 
globe, which cut the ecliptic perpendicularly, 


and meet in two oppoſite points in the 


polar 


circles; which points are each ninety degrees 
from the ecliptic, and are called its poles, 
Theſe polar points divide thoſe circles into 12 
ſemicitcles ; which cut the ecliptic at the begin- 


nings of the 12 ſigns. They reſemble fo 


many 


meridians on the terreſtrial globe; and as all 
places which lie under any particular meridian 
ſemicircle on that globe, have the ſame longi- 
tude, ſo all thoſe points of the heaven, through 
which any ont of the above ſemircircles are 
drawn, have the fame longitude.—And as the 


greateſt latitudes on the earth are at the 


north 


and ſouth poles of the earth, fo the greateſt lati- 


tudes in the heaven, are at the north and 
poles cf the ecliptic. 


ſouth 


In order to diſtinguiſh the ſtars, with regard 
to their ſituations and poſitions in the heaven, 
the ancients divided the whole viſible firmament 


of ſtars into particular ſyſtems, which they 
conſtellations ; and digeſted them into the 
of ſuch animals as are delineated upon the 
tial globe. And thoſe ſtars which lie be 
the figures of thoſe imaginary animals, and 


not be brought within the compaſs of any of 


them, were called anformed flars, 
Becauſe the moon and all the planets 


called 
forms 
celeſ- 
tween 
could 


were 


obſerved to move 1n circles or orbits which crols 
the ecliptic (or line of the ſun's path) at {mall 


angles, and to be on the north ſide of the 


eclip- 


tic for one half of their courſe round the hea- 


ven of ſtars, and on the ſouth fide of it! 
| 42 6 
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ther half, but never to go quite 8 degrees from 
t on either ſide, the ancients diſtinguiſhed that 
ſpace by two leſſer circles, parallel to the ecliptic 
(one on each ſide) at 8 degrees diſtance from it. 
And the ſpace included between the circles, 


they called the zodiac, becauſe moit of the 12 Zodiac, 


conſtellations placed therein reſemble ſome living 
creature, —T heſe conſtellations are, 1. Aries , 
the ram; 2. Taurus 8, the bull; 3. Gemini n, 
the twins; 4. Cancer S, the crab; 5. Leo K, 
the lion; 6. Virgo m, the virgin; 7. Libra =, 
the balance; 8. Scorpio m, the ſcorpion; 9. Sa- 
rittarius 4, the archer; 10. Capricornus i, the 
coat; 11. Aquarius , the water-bearer ; and 
12. Piſces X, the fiſhes, 


It is to be obſerved, that in the infancy of Remark, 


itronomy, theſe twelve conſtellations ſtood at 
or near the places of the ecliptic, where the 
above characteriſtics are marked upon the globe: 
but now, each conſtellation has got a whole ſign 
forwarder, on account of the receſſion -of the 
equinoCtial points from their former places. So 
that the conſtellation of Aries, is now in the 
former place of Taurus; that of Taurus, in the 
former place of Gemini; and ſo on. 

The ſtars appear of different magnitudes to 
the eye ; probably becauſe they are at different 
Gſtances from us. Thoſe which appear brighteſt 
and largeſt, are called ſtars of the firſt magnitude; 
the next to them in ſize and luſtre, are called 
fars of the ſecond magnitude; and ſo on to the 
fxth, which are the ſmalleſt that can be diſcern- 
ed by the bare eye. 

Some of the moſt remarkable ſtars have names 
given them, as Caſtor and Pollux in the heads of 
the Twins, Sirius in the mouth of the Great 
Dog, Procyon in the ſide of the Little Dog, Rigel 

in 
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in the left foot of Orion, Arcturus near the right 
thigh of Bootes, &c. 1 
Theſe things being premiſed, which I think 
are all that the young Tyro need be acquainted 
| with, before he begins to work any problem by 


this globe, we ſhall now proceed to the moſt To} 
uſeful of thoſe problems ; omitting ſeveral which 

are of little or no conſequence. If t] 

ecliptic 

of alti 

PROBLEM LI. nere 

| ride t 

To find the right aſcenſion * and declination | of the b be 

ſun, or any fixed ſtar. lie 90 

pole ot 

Bring the fun's place in the ecliptic to the ¶ * qu 
braſen meridian, then that degree in the equ- nt 
noctial which is cut by the meridian, is the ſun's far; e 
rigbi aſcenſion; and that degree of the meridian (rant, 
which 1s over the ſun's place, 1s his declination. td 
Bring any fixed ſtar to the meridian, and its right lhe ql 
aſcenſion will be cut by the meridian in the equi- cord 
noctial; and the degree of the meridian that en 15 
ſtands over it, is its declination. | 

So that right aſcenſion and declination, on the 
celeſtial globe, are found in the ſame manner as 
longitude and latitude on the terreſtrial, hrepr 

from 

* The degree of the equinoRtial, reckoned from the be- the 
ginning of Aries, that comes to the meridian with the fun 
or ſtar, is its right aſcenſion. 

+ The diſtance of the ſun or ſtar in degrees from the Rea 
equinoctial, toward either of the poles, north or ſouth, 3 WWF. t 
its declination, which is north or ſouth accordingly. bect 

f &rreſtr 
| points | 
mſphe 
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PROBLEM I. 
To find the latitude and longitude of any ſtar, 


If the given ſtar be on the north ſide of the 
ecliptic, place the goth degree of the quadrant 
of altitude on the north pole of the ecliptic, 
where the twelve ſemicircles meet; which di- 
ride the ecliptic into the 12 ſigns: but if the 


far be on the ſouth ſide of the ecliptic, place 
he goth degree of the quadrant on the ſouth 


ple of the ecliptic : keeping the goth degree of 
he quadrant on the proper pole, turn the qua- 
fant about, until its graduated edge cuts the 
far; then, the number of degrees in the qua- 
ant, between the ecliptic and the ſtar, is its 
latitude 3 and the degree of the ecliptic cut by 
the quadrant is the ſtar's longitude, reckoned 
cording to the fign in which the quadrant 
then is. 


PROBLEM III. 


15 repreſent the face of the ſtarry firmament, as ſeen 
from any given place of the earth, at any hour of 
„ 


Rectify the celeſtial globe for the given lati- 
de, the zenith, and ſun's place, in every re- 
pet, as taught by the 17th problem, for the 
trreſtrial; and turn it about, until the index 
points to the given hour: then, the upper he- 
beg of the globe will repreſent the viſible 
alf of the heaven for that time: all the ſtars 


| upon 
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upon the globe being then in ſuch ſituations, 3 


exactly correſpond to thoſe in the heaven. And N. 2 
if the globe be placed duly north and ſouth, by Wl” leſt 
means of a fmall ſea-compaſs, every ſtar on th. nut 
globe will point toward the like ſtar in the hea. o the 
ven: by which means, the conſtellations and | Gf 
remarkable ſtars may be eaſily known, Au ber of 
thoſe ſtars which are in the eaſtern fide of the "* hor 
horizon, are then rifing in the eaſtern fide of teu 
the heaven: all in the weſtern, are fetting in 
the weſtern fide; and all thoſe under the u per 
part of the braſen meridian, between the on 
point of the horizon and the north pole, arc ar 1: „n. 
their Apa altitude, if the latitude of the be 2 
place be north: but if the latitude be ſouth, nigh 
thoſe ſtars which lie under the upper part of the 

i | meridian, between the north point of the hori- Brit 
zon and the ſouth pole, are at their greateſt of the 
altitude, | the gi 

Index 

; MICITC 

PROBLEM IV. place, 

wich 

The latitude of the place, and day of the ments alice 

being given; to find the time when any knen borizc 

fear cvill riſe, or be on the meridian, or ſet. 

Having rectified the globe, turn it about un. 

til the given ſtar comes to the eaſtern ſide of i The 7 

horizon, and the index will ſhew the time 0 an) 

the ſtar's riſing; then turn the globe wellwars, the 
and when the ſtar comes to the braſen meridian, 

the index will ſhew the time of the ſtar's coming H. 

to the meridian of your place; laſtly, turn 0 zenit! 
until the ſtar comes to the weſtern ſide of the 

horizon, and the index will ſhew the time 0 US 

the ſtar's ſetting, wy 


N. B. 
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5, 3" x7. B. In northern latitudes, thoſe ſtars which 


*. re leſs diſtant from the north pole, than the 
bod quantity of its elevation above the north point 


bez. (the horizon, never ſet; and thoſe which are 
es diſtant from the ſouth pole, than the num- 


* ter of degrees by which it 1s depreſſed below 
{ th. WY de horizon, never rife ; and vice verſd in ſouthern 
Je oof batudes. 

g n z 

pper PROBLEM V. 

Outh 

re at nd at what time of the year a given flar will 
the be upon the meridian, at a given hour of the 
outh, nigbt. 

f the 


of the braſs meridian, and fer the index to 
the given hour; then turn the globe until the 
index points to XII at noon, and the upper ſe- 
micircle of the meridian will then cut the ſun's 
pace, anſwering to the day of the year ſought ; 
nich day may be eaſily found againſt the like 
pace of the ſun among the ſigns on the wooden 
horizon. 


PROBLEM VI. 


t un- 
ff the] 
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1d1ang 
ming 
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f the 
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V. I. 


Ihe latitude, day of the month, and azimuth * of 
any known ſtar being given; to find the hour of 
the night. 


Having rectified the globe for the latitude, 
znith, and ſun's place; lay the quadrant of 


" The number of degrees, that the ſun, moon, or any 
r, is from the meridian, either to the caſt or weſt, is 
"Uled its azimut#, 


altitude 


Bring the given ſtar to the upper ſemicircle 


— ü ͤ— 


— — — — 
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altitude to the given degree of azimuth in the hg. 
rizon: then turn the globe on its axis, until the 
ſtar comes to the graduated edge of the quz. 
drant; and when it does, the index will Point 


þn eaſy 


out the hour of the night. any 1 
their 
| | 1 both 
PROBLEM VII. true 
The latitude of the place, the day of the month, and Tie 
altitude of any known ſtar, being given; bullet; 
ind the hour of the night. hold tl 
| and ca 
Rectify the globe as in the former problem, WM the ſta 
gueſs at the hour of the night, and turn the known 
globe until the index points at the ſuppoſed BMW hour o 
hour; then lay the graduated edge of the qua- WW points 
drant of altitude over the known ſtar, and if the done, 
degree of the ſtar's height in the quadrant upon WW over a 
the globe, anſwers exactly to the degree of the WW which 
ſtar's obſerved altitude in the heaven, you have Wi edge © 
gueſſed exactly: but if the ſtar on the globe is he: 
higher or lower than it was obſerved to be in the WW not, t 
heaven, turn the globe backward or forward, WW vard, 
keeping the edge of the quadrant upon the ſtar, ¶ cuts th 
until its center comes to the obſerved altitude in Wi the in 
the quadrant; and then, the index will ſhew the WW night | 
true time of the night. quadr: 
lars f 
* The number of degrees that the ſtar is above the hori- vill ci 
zon, as obſerved by means of a common quadrant, is called which 
its altitude. be ſo 
theſe 
bearin 
te ne 
voode 


ber t 
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PROBLEM VII. 


+n eaſy method for finding the hour of the night by 
any two known ſtars, without knowing either 
their altitude or azimuth ; and then, of finding 
both their altitude and azimuth, and thereby the 
true meridian. 


Tie one end of a thread to a common muſket 
bullet; and having rectified the globe as above, 
hold the other end of the thread in your hand, 
nd carry it ſlowly round between your eye and 
the ſtarry heaven, until you find it cuts any two 
known ſtars at once. Then, gueſſing at the 
hour of the night, turn the globe until the index 
points to the time in the hour circle ; which 
done, lay the graduated edge of the quadrant 
ver any one of theſe two ſtars on the globe, 
wich the thread cut in the heaven. If the ſaid 
edge of the quadrant cuts the other ſtar alſo, you 


tave gueſſed the time exactly; but if it does 


not, turn the globe ſlowly backward or for- 
ward, until the quadrant (kept upon either ſtar) 
cuts them both through their centers: and then, 
tie index will point out the exact time of the 
night ; the degree of the horizon, cut by the 
quadrant, will be the true azimuth of both theſe 
ſars from the ſouth ; and the ſtars themſelves 
ill cut their true altitudes in the quadrant. At 
Which moment, if a common azimuth compals 
be ſo ſet upon a floor or level payment, that 
beſe ſtars in the heaven may have the ſame 
bearing upon it (allowing for the variation of 
ne needle) as the quadrant of altitude has in the 
vooden horizon of the globe, a thread extended 


Wer the north and ſouth points of that compals 
will 
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that line, when the ſun 1s on the meridian, and 
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will be directly in the plane of the meridian 
and if a line be drawn upon the floor or pave. 
ment, along the courſe of the thread, and an 
upright wire be placed in the ſouthermoſt end 
of the line, the ſhadow of the wire will fall upon 


ſhines upon the pavement. 


PROBLEM IX. 


To find the place of the moon, or of any planet; 
and thereby to ſhew the time of its riſing, ſouth- 
ng, and-ſetting. 


Seek in the Nautical Almanac or White's 
Ephemeris, the geocentric place * of the moon 
or planet in the ecliptic for the given day of the 
month, and, according as its longitude and lat 
tude is found, mark the fame with a chalk 
upon the globe. Then, having rectified the 
globe, turn it round its axis weſtward ; and 2 
the ſaid mark comes to the eaſtern ſide of the 
horizon, to the braſen meridian, and to the 
weſtern ſide of the horizon, the index will ſhew 
at what time the planet rifes, comes to the me- 
ridian, and ſets, in the ſame manner as it would 
do tor a fixed ſtar, 


PROBLEM X. 


To explain the phenomena of the harve/t moon. 


In order to do this, we muſt premiſe the fol- 
lowing things: 1. That as the ſun goes only 


*The place of the moon or planet, as ſcen from 
carth, is called its geocentric place, 


Once 


the 


once 
once 

tat 1 
hours; 
goes 1 
hours, 
day At 
throuf 
goes I 
tither 
to hin 
0 th 
much 
ſaid ti 
2 who 
but © 
partic 
moon 
the ſy 
that h 
When 
point 
lite to 
the di 
ſcrent 
Horize 
that t 
portic 
of tir 
latitu; 
a an 
there! 


3 
not ke, 
Howe: 
explan; 


Mel; 
outh- 


bite's 
noon 
f the 
Jati- 
chalk 
1 the 
1d 38 
f the 
the 
ſhew 
me- 
would 


00h, 


je fol- 
5 only 


om the 


Once 
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once a year round the ecl ptic, he can be but 
once a year in any particular point of it: and 
t his motion is almoſt a degree every 24 


hours; at a mean rate. 2. That as the moon 
goes round the ecliptic once in 27 days and 8 
tours, ſhe advances 134 degrees in it, every 
lay at a mean rate. 3. That as the ſun goes 
trough part of the ecliptic in the time the moon 
goes round it, the moon cannot at any time be 
tither in conjunction with the ſun, or oppoſite 
to him, in that part of the ecliptic where ſhe was 
{ the laſt time before; but muſt travel as 
much forwarder, as the ſun has advanced in the 
ſid time: which being 294 days, makes almoſt 
a whole ſign. Therefore, 4. The moon can be 
but once a year oppoſite to the ſun, in any 
particular part of the ecliptic. 5. That the 
moon is never full but when ſhe 1s oppoſite to 
the ſun, becauſe at no other time can we ſee all 
that half of her, which the ſun enlightens. 6. That 
when any point of the ecliptic riſes, the oppoſite 
point ſets. Therefore, when the moon 1s oppo- 
lite to the ſun, ſhe muſt riſe at * ſun ſer. 7. That 
the different ſigns of the ecliptic riſe at very dif- 
rent angles or degrees of obliquity with the 
i0r1z0n, eſpecially in conſiderable latitudes; and 
that the ſmaller this angle is, the greater is the 
portion of the ecliptic that riſes in any ſmall part 
of time; and vice verſd. 8. That, in northern 
latitudes, no part of the ecliptic riſes at ſo ſmall 
an angle with the horizon, as Piſces and Aries do; 
lnerefore, a greater portion of the ecliptic riſes in 


* This is not always ſtrictly true, becauſe the moon does 
dot keep in the ecliptic, but croſſes it twice every month, 
However, the difference need not be regarded in a general 
tplanation of the cauſe of the harveſt moon. 
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one hour, about theſe ſigns, than about any of 


the reſt. 9. That the moon can never be ful 


in Piſces and Aries but in our autumnal months, 
for at no other time of the year is the ſun in the 
oppoſite ſigns Virgo and Libra. 

Theſe things premiſed, take 134 degrees of 
the ecliptic in your compaſſes, and beginning at 
Piſces, carry that extent all round the ecliptic, 
marking the places with a chalk, where the points 
of the compaſſes ſucceſſively fall. So you will 
have the moon's daily motion marked out for 
one complete revolution in the ecliptic ; accord- 
ing to & 2 of the laſt paragraph. 

Rectify the globe for any conſiderable northern 
latitude (as ſuppoſe that of London) and then, 
turning the globe round it axis, obſerve how 
much of the hour circle the index has gone over, 
at the riſing of each particular mark on the 
ecliptic ; and you will find that ſeven of the 
marks (which take in as much of the ecliptic as 
the moon goes through in a week) will fall rife 
ſucceſſively about Piſces and Aries in the time 
that the index goes over two hours. Therefore, 
while the moon is in Piſces and Aries, ſhe will not 
differ in general above two hours in her riſing 
for a whole week. But if you take notice ot 
the marks on the oppoſite ſigns, Virgo and Iibra, 
you will find that feven of them take nine hours 
to riſe ; which ſhews, that when the moon is in 
theſe two ſigns, ſhe differs nine hours in her 
riſing within the compals of a week. And ſo 
much later as every mark is of riſing than the 
one that roſe next before it, ſo much later will 
the moon be of riſing on any day than ſhe was on 
the day before, in the correſponding part of the 
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The Uſe of the Celeſtial Globe. 
i a mean difference of time between thoſe 
out Aries and Libra. | 

Now, although the moon is in Piſces and Aries 
wery month, and therefore muſt riſe in thoſe 
fons within the ſpace of two hours later for a 
whole week, or only about 17 minutes later 
wery day than ſhe did on the former; yet ſhe 
b never full in theſe ſigns, but in our autumnal 
months, Auguſt and September, when the ſun is in 
Jirgo and Libra. Therefore, no full moon in 
de year will continue to riſe ſo near the time of 
lun ſet for a week or fo, as theſe two full moons 
do, which fall in the time of harveſt. 

In the winter months, the moon is in Piſces 
nd Aries about her firſt quarter; and as theſe 
hens rife about noon in winter, the moon's riſing 
nthem paſſes unobſerved. In the ſpring months, 
the moon changes in theſe ſigns, and conſe- 
quently riſes at the ſame time with the fun ;. ſo 
that it is impoſſible to ſee her at that time. In 
the ſummer months ſhe is in theſe ſigns about 


er third quarter, and riſes not until mid-night, 


when her riſing 1s but very little taken notice 
of; eſpecially as ſhe is on the decreaſe. But in 
the harveſt months ſhe is at the full, when in 
tieſe ſigns, and being oppoſite to the ſun, ſhe 
les when the ſun ſets (or ſoon aſter) and ſhines 
al the night. 

In ſouthern latitudes, Virgo and Libra riſe at as 
mall angles with the horizon, as Piſces and Aries 
do in the northern; and as our ſpring is at the 
lime of their harveſt, it is plain their harveſt full 
moons muſt be in Yirgo and Libra; and will 
therefore riſe with as little difference of time, as 
ours do in Piſces and Aries. 
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For a fuller account of this matter, I my 
refer the reader to my Aſtronomy, in which ir 
is deſcribed at large. 


PROBLEM XI. 


To explain the equation of time, or difference of tin: 
between well regulated clocks and true ſun-dial;, 


The earth's motion on its axis being perfect 
equable, and thereby cauſing an apparent equable 
motion of the ſtarry heaven round the ſame axis 
produced to the poles of the heaven; it is pln 
that equal portions of the celeſtial equator pak 
over the meridian in equal parts of time, be. 
cauſe the axis of the world 1s perpendicular to 
the plane of the equator. And therefore, if the 
ſun kept his annual courſe in the celeſtial equa- 
tor, he would always revolve from the meridia 
to the meridian again in 24 hours exactly, as 
ſthewn by a well- regulated clock. 

But as the ſun moves in the ecliptic, which 1s 
oblique both to the plane of the equator and axis 
of the world, he cannot always revolve from the 
meridian to the meridian again 1n 24 equal hours; 
but ſometimes a little ſooner, and at other times 
a little later, becauſe equal portions of the eclip-] 
tic paſs over the meridian in unequal parts 0 
time on account of its obliquity. And this di. 
ference is the ſame in all latitudes. 

To ſhew this by a globe, make chalk-mark 
all round the equator and ecliptic, at «qua 
diſtances from one another (ſuppoſe 10 degrees) 
beginning at Aries or at Libra, where thele twe 
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globe round its axis, and you vill ſce that all the 
marks in the firſt quadrant of the ecliptic, or 
from the beginning of Aries to the beginning of 
Cancer, come ſooner to the braſen meridian than 
their correſponding marks do on the equator ; 
thoſe on the ſecond quadrant, or from the be- 
ginning of Cancer to the beginning of Libra, 1 
come later : thoſe in the third quadrant, from C | 
Libra to Capricorn, ſooner ; and thoſe in the 114 
fourth, from Capricorn to Aries, later. But thoſe 4 | 
at the beginning of each quadrant come to the 4 
meridian at the ſame time with their corre ſpond- } 
ng marks on the equator. 

Therefore, while the ſun is in the firſt and 
third quadrants of the echptic, he comes ſooner 
to the meridian every day than he would do if 
he kept in the equator ; and conſequently he is 
faſter than a well regulated clock, which always 
keeps equable or equatorial time : and while he 
z in the ſecond and fourth quadrants, he comes 
ater to the meridian every day than he would | 
o if he kept in the equator ; and is therefore 1 
ower than the clock. But at the beginning of | W 
ach quadrant, the ſun and clock are equal. | 1 

And thus, if the ſun moved equably in the ill 
diptic, he would be equal with the clock on þ 
our days of the year, which would have equal 
ntervals of time between them. But as he 
oves faſter at ſome times than at others (being | 
ght days longer in the northern half of the 
cliptic than in the ſouthern) this will cauſe a " 
ccond inequality ; which combined with the fl! 
ormer, ariſing from the obliquity of the ecliptic 4 
o the equator, makes up that difference, which 
$ ſhewn by the common equation tables to be 
etween good clocks and true ſun-dials. 
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The deſcription and uſe of the 'armillary ſphere. 


W hoever has ſeen a common armillary ſphere, 
and underſtands how to uſe it, muſt be fenfible 
that the machine here refeired to, is of a very 
different, and much more advantageous con- 
ſtruction. And thoſe who have ſcen the Curious 
glaſs ſphere invented by Dr. Lows, or the figure 
of it in his Aſtronomy, muſt know that the fur- 
niture of the terreſtrial globe in this machine, 
the form of the pedeſtal, and the manner of 
turning either the earthly globe, or the circles 
which ſurround it, are all copied from the 
Doctor's glaſs ſphere ; and that the only diffe- 
rence is, a parcel of rings inſtead of a glaſs ce- 
leftial globe ; and all the additions are a moon 
within the ſphere, and a ſemicircle upon the pe- 
deſtal. | 

The exterior parts of this machine are a com- 
pages of braſs rings, which repreſent the princi- 
pal circles of the heaven, viz. 1. The equinoctial 
AA, which is divided into 360 degrees (begin. 
ning at its interſection with the ecliptic in Aries) 
for ſhewing the ſun's right aſcenſion in degrees; 
and alſo into 24. hours for ſhewing his right 
aſcenſion in time. 2. The ecliptic B B, which is 
divided into 12 Gans, and each ſign into 3o de- 
grees, and alſo into the months and days of the 
year; in ſuch a manner, that the degree or point 
of the ecliptic in which the ſun is, on any given 
day, ſtands over that day in the circle of months. 
3- The tropic of Cancer CC, touching the eclip- 
tic at the beginning of Cancer in e, and the 
tropic of Capricorn D D, touching the ecliptic at 
the beginning of Capricorn: in V. each 23 4 
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from the equinoctial circle. 4. The arctic circle 
E, and the antarctic circle F, each 234 degrees 
from its reſpective pole at N and S. 5. The 
equinoctial colour GG, paſſing through the 
north and ſouth poles of the heaven at I and &, 
and through the equinoctial points Aries, and 
Libra in the Ecliptic. 6. The ſolſtitial colure 
HH, paſſing through the poles of the heaven, and 
through the ſolſtitial points Cancer and Capricorn, 
in the ecliptic. Each quarter of the former of 
theſe colures is divided into go degrees, from the 
equinoCtial to the poles of the world, for ſhew- 


ing the declination of the ſun, moon, and ftars ; 


and each quarter of the latter, from the ecliptic 
ate and 7, to its poles & and d, for ſhewing the 
latitude of the ſtars. 8 

In the north pole of the ecliptic is a nut &, to 
which is fixed one end of a quadrantal wire, and 
to the other end a ſmall ſun Y, which 1s carried 
round the echptic BB, by turning the nut: and 
in the ſouth-pole of the ecliptic is a pin at 4, on 
which 1s another quadrantal wire, with a ſmall 
moon Z upon it, which may be moved round by 
hand: but there is a particular contrivance for 
cauſing the moon to move 1n an orbit which 
croſſes the ecliptic at an angle of 5+ degrees, in 
two oppaſite points called the moon's nodes: and 
alſo for ſhifting theſe points backward in the 
ecliptic, as the moon's nodes ſhift in the heaven. 

Within theſe circular rings is a ſmall terreſ- 
trial globe J, fixt on an axis KK, which extends 


from the north and ſouth poles of the globe at x 


and x, to thoſe of the celeſtial ſphere at M and . 
On this axis is fixt the flat celeſtial meridian LL, 
which may be ſet directly over the meridian of 
any place on the globe, and then turned round 


with the globe, ſo as to keep over the ſame 
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meridian upon it. This flat meridian is gra. 
duated the ſame way as the braſs meridian of 
a common globe, and its ufe is much the fame, 
To this globe 1s fitted the moveable horizon 
MM, ſo as turn upon two ſtrong wires pro. 
ceeding from its eaſt and weſt points to the 
globe, and entering the globe at oppoſite points 
of its equator, which is a moveable braſs ring let 
into the globe in a groove all around its equator, 
The globe may be turned by hand within this 
ring, ſo as to place any given meridian upon it, 
directly under the celeſtial meridian LL. The 
horizon is divided into 360 degrees all arourd 
its outermoſt edge, within which are the points 
of the compaſs, ſor ſhewing the amplitude of 
the ſun and moon, both in degrees and points, 
The celeſtial meridian LL paſtes through two 
notches in the north and ſouth points of the 
horizon, as in a common globe : but here, if 
the globe be turned round, the horizon and 
meridian turn with it. At the ſouth pole of the 
ſphere 1s a circle of 24 hours, fixt to the rings, 
and on the axis is an index which goes round 
that circle, if the globe be turned round its 
axis. 

The whole fabric is ſupported on a pedeſtal 
N, and may be elevated or depreſſed upon the 
Joint O, to any number of degrees from © to 90, 
by means of the arc P, which 1s fixed in the 
ſtrong braſs arm 2, and ſlides in the vpright 
piece R, in which is a ſcrew at 7, to fix it at any 
proper elevation. | | 

In the box T are two wheels (as in Dr. Langs 
ſphere) and two pinions, whoſe axes come out 
at Y and C; either of which may be turned by 
the ſmall winch /. When the winch is put 
upon the axis V, and turned backward, the 121 
* TEE reftrias 
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retrial globe, with its horizon and celeſtial me- 
ndian, keep at reſt; and the whole ſphere of 
circles turns round from eaſt, by ſouth, to weſt, 
carrying the ſun Y, and moon E, round the ſame 
way, and cauſing them to riſe above, and ſet be- 
low the horizon. But when the winch is put 
upon the axis U, and turned forward, the ſphere 
with the ſun and moon keep at reſt; and the 
earth, with its horizon and meridian, turn round 
from weſt, by ſouth, to eaſt : and bring the ſame 
points of the horizon to the ſun and moon, to 
which theſe bodies came when the earth kept at 
reſt, and they were carried round it ; ſhewing 
that they riſe and ſet in the ſame points of the 
horizon, and at the ſame time in the hour-circle, 
whether the motion be in the earth or in the 
heaven, If the earthly globe be turned, the 
hour index goes round its hour-circle ; but if 
the ſphere be turned, the hour-circle goes round 
below the index. 

And ſo, by this conſtruction, the machine is 
equally fitted to ſhew either the real motion of 
the earth, or the apparent motion of the hea- 
yen. | 

To rectify the ſphere for uſe, firſt ſlacken the 
ſcrew r in the upright ſtem R, and taking hold 
of the arm Q, move it up or down until the 
given degree of latitude for any place be at the 
lide of the ſtem K; and then the axis of the 
phere will be properly elevated, ſo as to ſtand 
parallel to the axis of the world, if the machine 
be ſet north and ſouth by a ſmall compaſs : this 
done, count the latitude from the north pole, 
upon the celeſtial meridian LL, down toward 
the north notch of the horizon, and ſet the hori- 
20n to that latitude ; then, turn the nut 4 until 
the ſun F comes to the given day of the year $ 
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the ecliptic, and the ſun will be at its propey 
place for that day: find the place of the mooy' 
aſcending node, and alſo the place of the moon 
by an Ephemeris, and ſet them right accord. 


ingly ; laſtly, turn the winch V, until either the 7 
ſun comes to the meridian LL, or until the me. de r 
ridian comes to the ſun (according as you want ſouth 
the ſphere or earth to move) and {et the hour. Gecli 
index to the XII, marked noon, and the whole B8 rom 
machine will be rectified. — Then turn the winch Tt 
and obſerve when the ſun or moon riſe or ſet n 1 
the horizon, and the hour-index will ſhew the Bay 
times thereof for the given day. + Fn 
As thoſe who underſtand the uſe of the globes mth 
will be at no loſs to work many other problems Wl 
by this ſphere, it is needleſs to enlarge any far. Dey 
ther upon it. ſclin 
| \ Th 
er. . ok 
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The principles and art of dialing, Fay 

Dial is a plane, upon which lines are de. be ſti 
ſcribed in ſuch a manner, that the ſhadow nd gx 

of a wire, or of the upper edge of a plate ſtile, hic 
erected perpendicularly on the plane of the dial, dour- 
may ſhew the true time of the day. plane 
The edge of the plate by which the time of in : 
the day is found, is called the ſtile of the dual, ngle 
which muſt be parallel to the earth's axis; and d call 
the line on which the ſaid plate is erected, 1s nerid 
called the ſubſtile. 5 ES 
The angle included between the ſubſtile and s the 
ſtile, is called the elevation, or height of the tle ay 
ſtile. 8 mo 


Thoſe dials whoſe planes are parallel to the 


plane of the horizon, are called horizontal dials | 
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ind thofe dials whoſe planes are perpendicular 
v the plane of the horizon, are called vertical, 
gr erect ſun-dials. 

Thoſe erect dials, whoſe planes directly front 
the north or ſouth, are called direct north or 
outh dials ; and all other erect dials are called 
decliners, becauſe their planes are turned away 
om the north or ſouth, | 

Thoſe dials, whoſe planes are neither parallel 
wor perpendicular to the plane of their horizon, 
ne called inclining, or reclining dials, accord- 
ng as their planes make acute or obtuſe angles 
mth the horizon; and if their planes are alſo 
turned afide from facing the ſouth or north, 
hey are called declining-inclining, or declining- 
reclining dials. 

The interſection of the plane of the dial, with 
that of the meridian, paſling through the ſtile, 
s called the meridian of the dial, or the hour- 
Ine of XII. 

Thoſe meridians, whoſe planes paſs through 
tte ſtile, and make angles of 15, 30, 45, 60, 75, 
nd go degrees with the meridian of the place 
(which marks the hour-line of XII) are called 
tour-circles; and their interſections with the 
pane of the dial, are called hour-lines. 

In all declining dials, the ſubſtile makes an 

ngle with the hour-line of XII; and this angle 
$ called the diſtance of the ſubſtile from the 
meridian, 
The declining plane's difference of longitude, 
the angle formed at the interſection of the 
ile and plane of the dial, by two meridians; 
ne of which paſſes through the hour-line of XII, 
ad the other through the ſubſtile. 
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This much being premiſed concerning dials in gi. 


neral, we ſhall now proceed to explain the different 
methods of their conſtruction. 


If the whole earth @ P cp were tranſparent 
and hollow, like a ſphere of glaſs, and had it; 
equator divided into 24 equal parts by ſo many 


i- meridian ſemicircles, a, &, c, d, e, f, g, &c. one 


of which is the geographical meridian of any 
given place as London, which is ſuppoſed to 
be at the point a; and if the hours of XI 


- were marked at the equator, both upon that 


meridian and the oppoſite one, and all the re 
of the hours in order on the reſt of the mei- 
dians, thoſe meridians would be the hour- circles 
of London: then, if the ſphere had an opaque 
axis, as P E p, terminating in the poles P and 
p, the ſhadow of the axis would fall upon ever 
particular meridian and hour, when the fur 
came to the plane of the oppoſite meridian, and 
would conſequently ſhew the time at London, 
and at all other places on the meridian of 
London, 
If this ſphere was cut through the middle by 
a ſolid plane AB CD, in the rational horizon of. 
London, one half of the axis E P would bt 
above the plane, and the other half below it; 
and if ftraight lineswexe drawn from the center 
of the plane, to thoſe points where 1ts circum- 
ference 1s cut by the hour-circles of the ſphere, 
thoſe lines would be the hour-lines of a hor 
zontal dial for London: for the ſhadow of the 
axis would fall upon each particular hour-line 
of the dial, when it fell ypon the like hour-circk 
of the ſphere. _. | 
If the plane which cuts the ſphere be upright, 
as AFCG, touching the given place (London) 
at F, and directly facing the meridian of rn 
| Oh, 
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Of Dialing. 
don, it will then become the plane of an erect 


direct ſouth dial; and if right lines be drawn Vertical 
from its center E, to thoſe points of its circum- dial. 


ference where the hour-circles of the ſphere cut 
it, theſe will be the hour-lines of a vertical or 


direct ſouth dial for London, to which the hours 


are to be ſet as in the figure (contrary to thoſe 
on a horizontal dial) and the lower half Ep of 
the axis will caſt a ſhadow on the hour of the day 
in this dial, at the ſame time that it would fall 
upon the like hour-circle of the ſphere, if the 
dial plane was not in the way. 


If the plane (till facing the meridian) be /uclizing 
made to incline, or recline, by any given number and re- 


Jig 


of degrees, the hour-circles of the ſphere will 2 


ſtill cut the edge of the plane in thoſe points to 
which the hour- lines muſt be drawn ſtraight 
from the center; and the axis of the ſphere will 
caſt a ſhadow on theſe lines at the reſpective 


hours. The like will ſtill hold, if the plane be Dedining 
made to decline by an given number of degrees a. 


from the meridian, toward the eaſt or welt : 
provided the declination be leſs than go degrees, 
or the reclination be leſs than the co-latitude 
of the place : and the axis of the ſphere will be 
a gnomon, or ſtile, for the dial. But it cannor 


be a gnomon, when the declination is quite 90 


degrees, nor when the reclination 1s equal to 
the co-latitude; becauſe in theſe two caſes, 
the axis has no elevation above the plane of the 
_ 


And thus it appears, that the plane of every 


dial repreſents the plane of ſome great circle 


upon the earth; and the gnomon the earth's axis, 
whether it be a ſmall wire, as in the above figures, 
or the edge of a thin plate, as in the common 
horizontal dials. 7: 


The 
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The whole earth, as to its bulk, is but a point, 
if compared to its diſtance from the ſun; ang 
therefore, 1f a ſmall ſphere of glaſs be placed 
upon any part of the earth's ſurface; ſo that it 
ax1s be parallel to the axis of the earth, and the 
ſphere have ſuch lines upon it, and ſuch planes 
within it, as above deſcribed : it will ſhew the 


hours of the day as truly as if it were placed 


the earth's center, and the ſhell of the earth were 
as tranſparent as glaſs. 

But becauſe it is impoſſible to have a holloy 
ſphere of glaſs 2 true, blown round a 
ſolid plane: or if it was, we could not get at the 
plane within the glaſs to ſet it in any given poſi- 
tion; we make uſe of a wire ſphere to explain 
the principles of dialing, by joining 24 ſemici. 
cles together at the poles, and putting a thin 
flat plate of braſs within it. 

A common globe, of 12 inches diameter, has 
generally 24 meridian ſemicircles drawn upon 


it. If ſuch a globe be elevated to the latitude 


of any given place, and turned about until any 
one of theſe meridians cuts the horizon in the 
north point, where the hour of XII is ſuppoſed 
to be marked, the reſt of the meridians will cut 


the horizon at the reſpective diſtances of all the 


other hours from XII. Then, if theſe points of 
diſtance be marked on the horizon, and the 
globe be taken out of the horizon, and a flat 
board or plate be put into its place, even with 
the ſurface of the horizon ; and if ſtraight lines 
be drawn from the center of the board, to thoſe 
points of diſtance on the horizon which were 
cut by the 24 meridian ſemicircles, theſe lines 
will be the hour-lines of a horizontal dial of 
that latitude, the edge of whoſe gnomon mult 


be in the very ſame ſituation that the axis : - 
gobe 
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globe was, before it was taken out of the horizon: 
that is, the gnomon muſt make an angle with the 
plane of the dial, equal to the latitude of the 
lace for which the dial is made. 

If the pole of the globe be elevated to the co- 
latitude * of the given place, and any meridian 
be brought to the north point of the horizon, 
the reſt of the meridians will cut the horizon in 
the reſpective diſtances of all the hours from XII, 
for a direct ſouth dial, whoſe gnomon muſt make 
an angle with the plane of the dial, equal to the 
co-latitude of the place; and the hours muſt be 
ſet the contrary way on this dial, to what they 
are on the horizontal. 

But if your globe have more than 24 meridian 
ſemicircles upon it, you mult take the following 
method for making horizontal and ſouth dials 
by it. 

Elevate the pole to the latitude of your place, 
and turn the globe until any particular meridian 


the horizon, and the oppoſite meridian will cut 
the horizon in the ſouth. Then, ſet the hour- 
index to the uppermoſt XII on its circle; which 
done, turn the globe weſtward until 15 degrees 
of the equator paſs under the braſen meridian, 
and then the hour-index will be at I (for the ſun 
moves 15 degrees every hour) and the firſt me- 
ndian will cut the horizon in the number of de- 
grees from the north point, that I is diſtant from 
XII. Turn on until other 15 degrees of the 
equator paſs under the braſen meridian, and the 
hour-index will then be at II, and the firſt me- 


If the latitude be ſubtracted from go degrees, the re- 
xy is called the .co-latitude, or complement of the 


ridian 


ſuppoſe the firſt) comes to the north point of gz. 
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ridian will cut the horizon in the number of 
degrees that II is diſtant from XII: and ſo, 
making 15 degrees of the equator paſs unde; 
the braſen meridian for every hour, the firſt me. 
ridian of the globe will cut the horizon in the 
diſtances of all the hours from XII to VI, which 
is juſt 90 degrees; and then you need go ng 
farther, for the diſtances of XI, X, IX, VII, 
VII, and VI, in the forenoon, are the ſame 
from XII, as the diſtances of I, II, III, TV, y, 
and VI, in the afternoon: and theſe hour-ling; 
continued through the center, will give the 
oppoſite hour-lines on the other half of the dial; 
but no more of theſe lines need be drawn, than 
what anſwer to the ſun's continuance above the 
horizon of your place on the longeſt day, which 


may be eaſily found by the 26th problem of the 
foregoing lecture. | 

Thus, to make a horizontal dial for the lati- 
tude of London, which is 514 degrees north, 
elevate the north pole of the globe 514 degrees 
above the north point of the horizon, and then 
turn the globe, until the firſt meridian (which 
is that of London on the Engliſh terreſtrial globe) 
cuts the north point of the horizon, and ſet the 
hour-index to XII at noon. 

Then, turning the globe weſtward until the 
index points ſucceſſively to I, II, III, IV, V, 
and VI, in the afternoon; or until 15, 30, 45) 
60, 75, and go degrees of the equator paſs under 
the braſen meridian, you will find that the firlt 
meridian of the globe cuts the horizon in the 
following number of degrees from the north 
toward the eaſt, viz. 112, 241, 334%, 53 7157, 
and 9o; which are the reſpective diſtances 0! 


the above hours from XII upon the plane of tie 
horizon, - 
0 


<Y 


\ 
Pq 


TY 
ALL 7 Xo, 


- 


E 
— 


— 


— 


_ 


ered Pond TY 


\\ 


Dy 


> [; 
| aps 4 


2 


N al 


PLATE, XII. 


— 


I 


WHIT | 
[ Ti! | 1114 hu h 
1 [} In : ö 
NIN = WL 
| I wi! - 
If Juli 0 (Wu 
| 1 MW! my | 0 
| | 1 Mn 11 ail | 
ee 0 


„„ „„ © © — 


* 
- 


e . * 


— wth a0 4 


a 


Y 


r 


. 


UM 


105 Hull 


160 100 


V 


„„ „ © © 


' ii" 


1 38 BY 
© 4 4 o wh == 


* 


We == 


9 


9 7 


— — 
een 
— — 


We 


— ——— — 
a, 
"a 
/ & 


1 de. 


ne 


7 


28. 
"0 


* 
- 
- 


a 


„„ 
— 
88888 


4 
Dl 


„ - 
g - 
Pad 
© 
„* 
2 
— ee coo ere 


Of Dialing. 323 


To transfer theſe, and the reſt of the hours, Plate 
to a horizontal plane, draw the parallel right XXI. 
lines 4 c and & d upon that plane, as far from *'$* ** 
each other as is equal to the intended thickneſs 
of the gnomon or ſtile of the dial, and the ſpace 
included between them will be the meridian 
or twelve o'clock line on the dial, Croſs this 
meridian at right _ with the ſix o'clock line 
b, and ſetting one foot of your compaſſes in the 
nter ſect ion a, as a center, deſcribe the quadrant 
re with any convenient radius or opening of the 
compaſſes: then, ſerting one foot in the inter- 
ſection 5, as a center, with the ſame radius de- 
ſcribe the quadrant f , and divide each qua- 
drant into 90 equal parts or degrees, as in the 
figure. 
| Becauſe the hour-lines are leſs diſtant from 
each other about noon, than in any other part of 
the dial, 1t 1s beſt to have the centers of theſe 
quadrants at a little diſtance from the center of 
the dial-plane, on the ſide oppoſite to XII, in 
order to enlarge the hour diſtances thereabout 
under the ſame angles on the plane. Thus, the 
center of the plane is at C, but the centers of the 
quadrants at a and 5. 

Lay a ruler over the point & (and keeping it 
there for the center of all the afternoon hours in 
the quadrant f h) draw the hour-line of I, 
through 115 degrees in the quadrant; the hour- 
ine of II, through 244 degrees; of III, through 
387, degrees; III, through 53+, and V through 
71173: and becauſe the fn rifes about four in 
the morning, on the longeſt days at London, 
continue the hour-lines of III and V, in the 
afternoon, through the center 4 to the oppoſite 
ide of the dial.— This done, lay the ruler to the 
center a, of the quadrant e g, and through the 
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like diviſions or degrees of that quadrant, yi; 
112, 241, 382, 534, and 71;%;, draw the fore. £29! 
noon hour-lines of XI, X, IX, VIII, and vn. neee 
and becauſe the ſun ſets not before eight in the the fun 
evening on the longeſt days, continue the hour. from li 
lines of VII and VIII in the forenoon, through the here 18 
center a, to VII and VIII in the afternoon; ay WI '< 
all the hour-lines will be finiſhed on this dial; u ** ” 
which the hours may be ſet, as in the figure, ard 
Laſtly, through 514 degrees of either qua- atituce 
drant, and from its center draw the right line ag dnrude 
for the hypothenuſe or axis of the gnomon ag i; tines t 
and from g, let fall the perpendicular gi, upon t to d. 
the meridian line 2 5, and there will be a triangle Sees 
made, whoſe ſides are @ g, gi, and i 4. Hau t 
plate ſimilar to this triangle be made as thick as Quadra. 
the diſtance between the lines a c and 4 d, and IE tec! 
ſet upright between them, touching at « and i, ticular 
its hypothenuſe @ g will be parallel to the axis of it me 
the world, when the dial is truly ſet; and will cat: WI" the 1 
a ſhadow on the hour of the day. kt the | 
N. B. The trouble of dividing the two qu- WW :* the 
drants may be ſaved, if you have a ſcale with 2 ccclinat 
line of chords upon it, ſuch as that on the rigit nd or 
hand of the plate; for if you extend the com- he firſ 
paſſes from o to 60 degrees of the line of chords, (COUNT 
and with that extent, as a radius, deſcribe the wmes | 
two quadrants, upon their reſpective centers, the 8. 
above diſtances may be taken with the com- lie bra 
paſſes upon the line, and ſet off upon the qua- nd the 
drants. inſt me 
To make an erect direct ſouth dial. Flevate the "reno 
pole to the co-latitude of your place, and pro- Wl, — 
ceed in all reſpects as above taught for the hori- wadrat 
zontal dial, from VI in the morning to VI in mes 
the afternoon, only the hours mutt be reverled, vat wh 


as in the figure; and the hypothenuſe ag, Of the am th 
gnomon wth, 2 
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2. ¶ cnomon a g/, muſt make an angle with the dial- 
— bune equal to the co- latitude of the place. As 
rh he: ſun can ſhine no longer on this dial, than 
Y om {ix in the morning until ſx in the evening, 


there is no occaſion for having any more than 
welve hours upon it. 


ard the eaſt or weſt. Ele vate the pole to the 
atitude of your place, and ſcrew the quadrant of 


dines toward the caſt (which we ſhall ſuppoſe 
t to do at preſent) count in the horizon the 


1 degrees of deciination, from the caſt point to- 
zor the north, and bring the lower end of the 
= quadrant to that degree ot declination at which 
and le reckoning ends. This done, bring any par- 
aua meridian of your globe (as ſuppoſe the 
* irt meridian) directly under the graduated edge 
8 the upper part of the brazen meridian, and 


kt the hour-index to XII at noon. Then, keep- 


* clination in the horizon, turn the globe caſt- 
vi ward on its axis, and obſerve the degrees cut by 
-e firſt meridian in the quadrant of altitude 
ae, (counted from the zenith) as the hour- index 
de omes to XI, X, IX, &c. in the fore noon, or as 


530, 45, &c. degrees of the equator paſs under 
be braſen meridian at theſe hours reſpe*tvely ; 
ad the degrees then cut in the quadrant by the 
Mt meridian, are the reſpective diſtances of the 
brenoon hours from XII on the plane of the 
dal. — Then, for the afternoon hours, turn the 
ori- Nacdrant of altitude round the zenith until it 
in mes to the degree in the horizon oppoſite to 
ſed, Nat where it was placed before; namely, as far 
the m the weſt point of the horizon toward the 
non ach, as it was ſer at firſt from the eaſt point to- 
1 2 ward 


ng the quadrant of altitude at the degree of 


To make an :re7 dial, declining from the ſouth To con- 
ſtruct an 
ered de- 
c/ining 


Ititude to the zenith. Then, if your dial de- gil. 
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ward the north; and turn the globe weſtward 
on its axis, until the firſt meridian comes to the 
braſen meridian again, and the hour-index 9 


XII: then, continue to turn the globe wet. 


ward, and as the index points to the afternoon 
hours I, II, III, &c. or at 15, 30, 45, &c. de- 
grees of the equator paſs under the braſen mer. 
dian, the firſt meridian will cut the quadrant of 
altitude in the reſpective number of degrees 
from the zenith, that each of theſe hours is from 
XII on the dial.—And note, that when the firſt 
meridian goes off the quadrant at the horizon, in 
the forenoon, the hour-index ſhews the time 
when the ſun will come upon this dial: and when 
it goes off the quadrant in the afternoon, the in- 
dex will point to the time when the ſun goes off 


the dial. 


Having thus found all the hour-diſtances from 
XII, lay them down upon your dial-plate, either 
by dividing a ſemicircle into two quadrants of 
90 degrees each (beginning at the hour-line of 
XII) or by the line of chords, as above direQed. 

In all declining dials, the line on which the ſtile 
or gnomon ſtands (commonly called the /ubſiile- 
line) makes an angle with the twelve o'clock line, 
and falls among the forenoon hour-lines, if the 
dial declines toward the eaſt; and among the 
afternoon hour-lines, when the dial declines to- 
ward the weſt ; that is, to the left hand from the 
twelve o'clock line in the former caſe, and to the 
right hand from it in the latter. | 


To find the diſtance of the ſubſtile from the 
twelve o'clock line ; if your dial declines from 
the ſouth toward the eaſt, count the degrees 
of that declination in the horizon from the alt} 
point toward the north, and bring the lower end 


of the quadrant of altitude to that degree of 
declination 


teclina! 
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geclination where the reckoning ends: then 
turn the globe until the firſt meridian cuts the 
horizon in the like number of degrees, counted 
rom the ſouth point toward the eaſt; and the 
quadrant and firſt meridian will then croſs one 
mother at right angles, and the number of de- 
grees of the quadrant, which are intercepted 
detween the firſt meridian and the zenith, is 
equal to the diſtance of the ſubſtile- line from the 
welve o'clock line; and the number of degrees 
of the firſt meridian, which are intercepted be- 
ween the quadrant and the north pole, is equal 
o the elevation of the ſtile above the plane of 
the dial. | 

If the dial declines weſtward from the ſouth, 
count that declination from the eaſt point of the 
horizon toward the ſouth, and bring the qua- 
drant of altitude to the degree in the horizon at 
which the reckoning ends; both for finding the 
ſorenoon hours, and the diſtance of the ſubſtile 
from the meridian: and for the afternoon hours, 
bring the quadrant to the oppoſite degree in the 
horizon, namely, as far from the weſt toward 
the north, and then proceed in all reſpects as 
above. | 

Thus, we have finiſhed our declining dial : 
andin ſo doing, we made four dials, viz. 

1. A north dial, declining northward by the 
ame number of degrees. 2. A north dial, de- 
clining the ſame number weſt. 3. A ſouth 
dial, declining eaſt. And, 4. A ſouth dial, de- 
clning weſt. Only, placing the proper number 
of hours, and the ſtile or gnomon reſpectively, 
upon each plane. For (as above-mentioned) 
in the ſouth-weſt plane, the ſubſtile-line falls 
among the afternoon hours; and in the ſouth- 
alt, of the ſame declination among the forenoon 

| | hours, 
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Of Dialing. | 
hours, at equal diſtances from XII. And, 


all the morning hours on the weſt deeliner vill 
be like the afternoon hours on the eaſt decliner; 
the ſouth-eaſt decliner will produce the north. 
weſt decliner; and the ſouth-weſt decliner, the 
north-eaſt decliner, by only extending the hour. 
lines, ſtile and ſubſtile, quite through the center; 
the axis of the ſtile (or edge that caſts the ſhadow 


hours | 
ſcale of 
point e 
upon tl 
from / 
each of 
ſcale o 


Ne | the cor 
on the hour of the day) being in all dials what- and es 
ever parallel to the axis of the world, and conſe. ſcale, 
quently pointing toward the north pole of the afternc 
heaven in north latitudes, and toward the fouth ſoreno 
pole, in ſouth latitudes. See more of this in the in the 
following lecture. | at 1, 

But becauſe every one whe would like to make may al 
a dial, may perhaps not be provided with a glove Ing a 


to aſſiſt him, and may probably not underltand 
the method of doing it by logarithmic calcula- 
tion; we ſhall ſhew how to perform it by the 
plain dialing lines, or ſcale of latirules and hours; 
ſuch as thoſe on the right hand of Fig. 4. in Plate 
XXI, or at the top of Plate XXII, and which 
may be had on ſcales commonly fold by the 
mathematical inſtrument-makers. 

This is the caſieſt of all mechanical methods, 
ancl by much the beſt, when the lines are truly 
divided: not only the half hours and quarters 
may be laid down by all of them, but every fiith 
minute by moſt, and every ſingle minute by thoſe 
where the line of hours is a foot in length. 

Having drawn your double meridian line 4%, 
cd, on the plane intended for a horizontal dia, tude 
and croſſed it at right angles by the ſix o'clock lic 
Fe (as in Fig 1.) take the latitude of your place 
with the compaſſcs, in the ſcale of latitudes, and 
ſet that extent from c to e, and from à tof, on 
the ſix o'clock line; then, taking the whole bs 
hours 
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hours between the points of the compaſſes in the 
ſcale of hours, with that extent ſet one foot in the 
point e, and let the other foot fall where it will. 
upon the meridian line c d, as at 4. Do the ſame 
from F to b, and draw the right lines ed and f 5, 
each of which will be equal in length to the whole 
ſcale of hours. This done, ſetting one foot of 
the compaſſes in the beginning of the ſcale at XII, 
and extending the other to each hour on the 
ſcale, lay off theſe extents from 4 to e for the 
afternoon hours, and from 5 to f for thoſe of the 
ſorenoon: this will divide the lines de and 2 
in the ſame manner as the hour ſcale is divided, 
at 1, 2, 3, 4, 5, and 6; on which the quarters 
may alſo be laid down, if required. Then, lay- 
ng a ruler on the point c, draw the firſt five 
hours in the afternoon, from that point, through 
the dots at the numeral figures 1, 2, 3, 4, 5, on 
the line q e; and continue the lines of IIII and V 
through the center c to the other ſide of the dial, 
for the like hours of the morning; which done, 
ay the ruler on the point a, and draw the laſt five 
hours in the forencon through the dots 5, 4, 3, 
2,1, on the line f 4; continuing the hour-lines of 
VII and VIII through the center à to the other 
ide of the dial, for the like hours of the evening; 
and ſet the hours to their reſpective lines as in the 
figure. Laſtly, make the gnomon the ſame way 
s taught above for the horizontal dial, and the 
whole will be finiſhed. 

To make an erect ſouth dial, take the co-lati- 
tude of your place from the ſcale of latitudes, and 
then proceed in all reſpects for the hour-lines, as 
n the horizontal dial; only reverſing the hours, 
as in Fig. 2; and making the angle of the ſtile's 
height equal to the co-latitude. 

4 I have 
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I have drawn out a ſet of dialing lines upon 
the top of Plate XXII large enough for mak. 
ing a dial of nine inches diameter, or more 
inches if required; and have drawn them tole. 
rably exact for common practice, to every quar. 
ter of a hour. This ſcale may be cut off from 
the plate, and paſted upon wood, or upon the in. 
ſide of one of the boards of this book; and then 
it will be ſomewhat more exact than it is on the 
plate, for being rightly divided upon the copper- 
plate, and printed off on wet paper, it ſhrinks 
as the paper dries; but when it is wetted again, it 
ſtretches to the ſame ſize as when newly printed; 
and if paſted on while wet, it will remain of that 
ſize afterward, 

But leſt the young dialiſt ſhould have neither 
globe nor wooden ſcale, and ſhould tear or other- 
wiſe ſpoil the paper one 1n paſting, we ſhall now 
ſhew him how he may make a dial without any 
of theſe helps, Only, if he has not a line of 
chords, he muſt divide a quadrant into go equal 
parts or degrees for taking the proper angle of 
the ſtilc's elevation, which is eaſily done. 

With any opening of the compaſſes, as Z L. 
deſcribe the two ſemicircles LFk and L 2k, 
upon the centers Z and z, where the ſix o'clock 
line croſſes the double meridian line, and divide 
each ſemicircle into 12 equal parts, beginning at 
J; though, ſtrictly ſpeaking, only the quadrants 
from L to the ſix o'clock line need be divided: | 
then connect the diviſions which are equidiſtant 
from L, by the parallel lines K M, IN, HO, CP. 
and FQ. Draw / Z for the hypothenuſe of the 
ſtile, making the angle / Z E equal to the lati- 
tude of your place; and continue the line / Z t 
KR. Draw the line Rr parallel to the ſix o'clock 
line, and ſet off the diſtance a & from Z to 7, 


the 
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the diſtance 5 I from Z to X, c H from Z to 3”, 
1G from Z to 7, and e F from Z tos. Then 
draw the lines S's, Tt, V w, Xx, and 7 ), each 
parallel to Rr. Set off the diſtance y 7 from a 
to 11, and from F to 1: the diſtance x X from 5 
to 10, and from gto2; w// from c to , and 
from 5 to 3; r from &d to 3, and from i to 
4; 58 from e to , and from ꝝ to 5. Then lay- 
ing a ruler to the center Z, draw the forenoon 
hour lines through the points 11, 10, 9, 8, 7; 
and laying it to the center x, draw the afternoon 
lines through the points 1, 2, 3, 4, 5; continu- 
ing the forenoon lines of VII and VIII through 
the center Z, to the oppoſite ſide of the dial, for 
the like afternoon hours; and the afternoon lines 
I. and V through the center z, to the oppoſite 
fide, for the like morning hours. Set the hours 
to theſe lines as in the figure, and then erect the 
ſtile or gnomon, and the horizontal dial will be 
hniſhed. 7 | 

To conſtruct a ſouth dial, draw the line / Z, 
making an angle with the meridian EZ W equal to 
the co-latitude of your place; and proceed 1n all 
teſpects as in the above horizontal dial for the 
ame latitude, reverſing the hours as in Fig. 2. 
ud making the elevation of the gnomon equal 
to the co-latitude. 

Perhaps it may not be unacceptable to explain 
the method of conſtructing the dialing lines, and 
lome others; which is as follows. 
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South 


dial, 


With any opening of the compaſſes, as E A, Plate 
according to the intended length of the ſcale, XXII. 


deſcribe the circle AD CB, and croſs it at right 


angles by the diameters CE A and DE B. Fig. 1, 


Divide the quadrant AB firſt into g equal parts, 
and then each part into 10; ſo ſhall the quadrant 


the 


Dialing 
lines, how 


"6" ſtruct- 
be divided into go equal parts or degrees. Draw 


| 
7 
oy 
1 
| 
| 
| 
| 
| 
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the right line AFB for the chord of this qua- {Ws Þ - 


dranr, and ſetting one foot of the compaſſes in 206, 3 
the point A, extend the other to the ſeveral diy. the 
ſions of the quadrant, and transfer theſe diviſions quadre 
to the line AF B by the arcs, 10 10, 20 20, &c. vc. b 
and this will be a line of chords, divided into 90 upon t 
unequal parts; which, if transferred from the line the line 
back again to the quadrant, will divide it equally, pC, « 
It is plain by the figure, that the diſtance from 4 nd of 
to 60 in the line of chords, is juſt equal to 4 EF, uequ. 
the radius of the circle from which that line is Dra 


made; for if the arc 60 60 be continued, of quadr 
which A is the center, it goes exactly through Ine 75 
the center E of the arc AB. nl fig 
And therefore, in laying down any number of Ws 
degrees on a circle, by the line of chords, you viſio 
mult firſt open the compaſſes, ſo as to take in ine T. 
juſt 60 degrees upon that line, as from A to bo: te ſix 
and then, with that extent, as a radius, deſcribe K ever 
a circle which will be exactly of the ſame ſize nto fo 
with that from which the line was divided: enter 
which done, ſet one foot of the compaſſes in the nued 
t into 


beginning of the chord line, as at A, and extend 
the other to the number of degrees you want 
upon the line, which extent, applied to the circle, 
will include the like number of degrees upon 
It. 

Divide the quadrant C D into go equal parts, 
and from each point of diviſion draw right lines 
as i EI, &c. to the line CE; all perpendicular 
to that line, and parallel to D E, which vill di- 
vide E C into a line of ſines; and although theſe 
are ſeldom put among the dialing lines on a ſcale, 
yet they aſſiſt in drawing the line of Jatitudes. 
For, if a ruler be laid upon the point D, and 
over each diviſion in the line of fines, it wil 
divide the quadrant C B into 90 unequal parts, 
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«Ba, ab, &c. ſhewn by the right lines 10 a, 
10b, 30 c, &c. drawn along the edge of the ruler. 
Uthe right line B C be drawn, ſubtending this 
quadrant, and the neareſt diſtances B a, Þ b, Oc, 
vc. be taken in the compaſſes from B, and ſet 
pon this line in the ſame manner as directed for 
he line of chords, it will make a line of latitudes 
BC, equal in length to the line of chords A B, 
ind of an equal number of diviſions, but very 


r WE unequal as to their lengths. 

s Draw the right line D G A, ſubtending the 
of quadrant D 4; and parallel to it, draw the right 
th ne rg, touching the quadrant DA at the nume- 


nl figure 3. Divide this quadrant into fix equal 
parts, as 1, 2, 3, &c. and through theſe points of 
liviſion draw right lines from the center E to the 
ne rs, which will divide it at the points where 


5 the ſix hours are to be placed, as in the figure. 
* every ſixth part of the quadrant be ſubdivided 


mo four equal parts, right lines drawn from the 
enter through theſe points of diviſion, and con- 
ined to the line 7 5, will divide each hour upon 
tinto quarters. 

In Fig. 2. we have the repreſentation of a 4 dia! on 
xrable dial, which may be eaſily drawn on a fig. on 
ard, and carried in a pocket-book. The lines * 
% ab, and h c of the gnomon muſt be cut quite 
larough the card; and as the end 46 of the gno- 
non 18 raiſed occaſionally above the plane of the 
Ul, it turns upon the uncut line d as on a 
ange. The line dotted AB muſt be lit quite 
rough the card, and the thread muſt be put | 
"rough the flit, and have a knot tied behind, to 1 
tp it from being eaſily drawn out. On the 
er end of this thread is a ſmall plummet D, 
ad on the middle of it a ſmall bead for ſhewing 
e time of the day. | 


To 
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To rectify this dial, ſet the thread in the fiir 
right againſt the day of the month, and ſtretch 
the thread from the day of the month over the 
angular point where the curve lines meet at XII; 
then ſhift the bead to that point on the thread, and 
the dial will be rectified, 

To find the hour of the day, raiſe the gnomon 
(no matter how much or how little) and hold the 
edge of the dial next the gnomon toward the ſun, 


ſo as the uppermoſt edge of the ſhadow of the 


gnomon may juſt cover the ſhadow-line; and the 
bead then playing freely on the face of the dial, 
by the weight of the plummet, will ſhew the 
time of the day among the hour-lines, as it is 
forenoon or afternoon. 

To find the time of ſun-riſing and ſ:tting, 
move the thread among the hour-lines, until it 
either covers ſome one of them, or lies parallel 
betwixt any two; and then it will cut the time of 
ſun - riſing among the forenoon hours, and of ſun- 
ſetting among the afternoon hours, on that day 
of the year for which the thread is ſet in the ſcale 
of months. 

To find the ſun's declination, ſtretch the thread 
from the day of the month over the angular point 
at XII, and it will cut the ſun's declination, as it 
is north or ſouth, for that day, in the arched ſcale | 
of north and ſouth declination. 

To find on what days the ſun enters the 
ſigns: when the bead, as above rectified, moves | 
along any of the curve lines which have the ſigns 
of the zodiac marked upon them, the ſun enters 
thoſe ſigns on the days pointed out by the thread 
in the ſcale of months, | 

The conſtruction of this dial is very ealy, 


eſpecially if the reader compares it all _ 
wi 
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with Fig. 3. as he reads the following explana- 
tion of that figure. 

Draw the occult line A B parallel to the top of Fig. 3. 
the card, and croſs it at right angles with the ſix 
o'clock line ECD; then upon C, as a center, 
with the radius CA, deſcribe the ſemicircle ZE L, 
and divide it into 12 equal parts (beginning at 

as Ar, As, &c. and from theſe points of 
diviſion, draw the hour-lines , 5, t, u, v, E, do, 
and x, all parallel to the fix o'clock line E C. 
If each part of the ſemicircle be divided into 
four equal parts, they will give the half-hour 
lines and quarters, as in Fig. 2. Draw the right 
line AS Do, making the angle SAB equal to the 
latitude of your place. Upon the center A de- 
ſcribe the arch R $7, and ſet off upon it the arcs 
R and ST, each equal to 234 degrees, for the 
ſun's greateſt declination; and divide them into 
231 equal parts, as in Fig. 2. Through the 
interſection D of the lines ECD and A Do, 
draw the right line FD G at right angles to 
ADo. Lay a ruler to the points A and &, and 
draw the line ARF through 23 degrees of 
ood louth declination in the arc & R; and then lay- 
Om ing the ruler to the points A and T, draw the line 
«it WW 47G through 234 degrees of north declination 
| in the arc S T': ſo ſhall the lines A RF and 
ATG cut the line FD G in the proper length 
for the ſcale of months. Upon the center D, 
with the radius D F, deſcribe the ſemicircle 
FoG; and divide it into fix equal parts, Fa, 
mn, no, &c. and from theſe points of diviſion 
draw the right lines m b, 1 i, pk, and 31, each 
parallel to o D. Then ſetting one foot of the 
compaſſes in the point F, extend the other to A, 
and deſcribe the arc A 2 7 for the tropic of : 
With the ſame extent, ſetting one foot in G, de- 
cribe 
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ſcribe the are A EO for the tropic of *. Next + 


ſetting one foot in the point h, and extendin deb 
the other to A, deſcribe the arc 4 CI for the 9 


oft a r de 
beginnings of the ſigns = and 1; and with the ot 
ſame extent, ſetting one foot in the point /, de. nent 


ſcribe the arc AN for the beginnings of the 
ſigns u and &. Set one foot in the point i, and 
having extended the other to A, deſcribe the arc 
AK for the beginnings of the ſigns * and m; 
and with the ſame extent, ſet one foot in , and 
deſcribe the are / M for the beginnings of the 
ſigns 8 and mw. Then, ſetting one foot in the 
point D, and extending the other to A, deſcribe 
the curve A L for the beginnings of Y and a; 
and the ſigns will be finiſhed. This done, ly a 
ruler from the point AI over the ſun's declination 
in the arch R &' (found by the following table) 
for every fifth day of the year; and where the 
ruler cuts the hne F D G, make marks; and 
place the days of the months right againſt theſe 
marks, in the manner ſhewn by Fig. 2. Laſtiy, 
draw the ſhadow line P © parallel to the occult 
line AB; make the gnomon, and ſet the hours 
to their reſpective lines, as in Fig. 2. and the dial 
will be finiſhed. 

There are ſeveral kinds of dials, which are 
called univerſal, becauſe they ſerve for all lati- 
tudes, Of theſe, the beſt one that I know, is 
Mr. Pardie's, which conſiſts of three principal 
parts: the firſt whereof is called the horizontal 


An uni- plane (A) becauſe in the practice it muſt be pa- 


ve rſal 


rallel to the horizon. In this plane is fixt an 
upright pin, which enters into the edge of the 
ſecond part B D, called the meridional plane; 


which is made of two pieces, the loweſt whereot 


(B) is called the quadrant, becauſe it contains 2 
quarter of a circle, divided into go degrees; and 
it 
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i is only into this part, near , that the pin enters. 
The other piece is a ſemicircle (D) adjuſted to the 
quadrant, and turning in it by a groove, for railing 
xr depreſſing the diameter (EF) of the ſemicircle, 
which diameter is called the axis of the inftru- 
ment. The third piece is a circle (G) divided 
on both ſides into 24 equal parts, which are the 


hours. This circle 1s put upon the meridional] 
plane ſo, that the axis (EF) may be perpendicu- 
ar to the circle ; and the point C be the com- 
mon center of the circle, ſemicircle, and qua- 
drant. The ftraight edge of the ſemicircle is 
chamfered on both ſides to a ſharp edge, which 
paſſes through the center of the circle. On one 
ide of the chamfered part, the firſt ſix months 


; tha of the year are laid down, according to the ſun's 
on declination for their reſpective days, and on the 
ie) other fide the laſt ſix months. And againſt the 
the lays on which the ſun enters the ſigns, there are 
and 'raight lines drawn upon the ſemicircle, with the 
Lic unracters of the ſigns marked upon them. 
tly, There is a-black line drawn along the middle of 
cult the upright edge of the quadrant, over which 
n kangs a thread (H) with its plummet (7) for 
cial velling the inſtrument. N. B. From the 22d 
of September to the 20th ot March, the upper 
8 ſurface of the circle muſt touch both the center 
on Cof the ſemicircle, and the line of Y and =; 
2 nd from the 20th of March to the 22d of Sep- 
1 ember, the lower ſurface of the circle muſt touch 
110 that center and line. | 
* To find the time of the day by this dial. Hav- 
| * ng ſet it on a level place in ſun ſhine, and ad- 
3 ulted it by the levelling ſcrews & and 1, until the 
SY umb line hangs over the back line upon the 
0 edge of the quadrant, and parallel to the ſaid 
= F edge; move the ſemicircle in the quadrant, until 


the 


Fig, Fo 
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the line of Y and = (where the circle touch) 
comes to the latitude of your place in the qu. 
drant: then, turn the whole meridional plane 
B D, with its circle G, upon the horizontal plane 
A, until the edge of the ſhadow of the circk 
falls preciſely on the day of the month in th 
ſemicircle; and then, the meridional plane il 
be due north and ſouth, the axis EF will be 
parallel to the axis of the world, and will cat 
ſhadow upon the true time of the day, among th 
hours on the circle. | 

N. B. As, when the inſtrument is thus red. 
fied, the quadrant and ſemicircle are in the plane 
of the meridian, ſo the circle is then in the plane 
of the equinoctial. Therefore, as the ſun is above 
the equinoctial in ſummer (in northern latitudes) 
and below it in winter; the axis of the ſemi- 
circle will caſt a ſhadow on the hour of the day, 
on the upper ſurface of the circle, from the 20th 
of March to the 22d of September: and from 
the 22d of September, to the 20th of March, the 
hour of the day will be determined by the ſhadow 
of the femicircle, upon the lower ſurface of the 
circle. In the former caſe, the ſhadow of the 
circle falls upon the day of the month, on the 
lower part of the diameter of the ſemicircle; and 
in the latter caſe on the upper part. 


The method of laying down the months and 


ſigns upon the ſemicircle, is as follows. Drav 
the right line A CB, equal to the diameter of the 
ſemicircle A DB, and croſs it in the middle at 
right angles with the line E C D, equal in length 
to ADB; then E C will be the radius of the 
circle FCG, which is the ſame as that of the 
ſemicircle. Upon E, as a center, deſcribe the 
circle F CG, on which ſet off the arcs Ch and 
Ci, each equal to 23+ degrees, and divide them 
accordingly into that number for the ſun's de- 


4 clination 


into. 
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clination. Then, laying the edge of a ruler 


nation for every fifth day “ of each month (as in 

lane WW the card dial) mark the points on the diameter 
ck AB of the ſemicircle from à to g, which are cut 
| the by the ruler ; and there place the days of the 
Wi months accordingly, anſwering the ſun's declina- 
1 be tion. This done, ſetting one foot of the com- 
alt 2 paſſes in C, and extending the other to @ or g, 
ge Gefcribe the ſemicircle abc de fg; which divide 

| into. ſix equal parts, and through the points of 
ect diviſion draw right lines, parallel to CD, for the 
lane beginning of the ſigns off which one half are on 
lane one ſide of the ſemicircle, and the other half on 
bore the other ſide) and ſet the characters of the ſigns 
ces) to their proper lines, as in the figure. 
e The Flowing table ſhews the ſun's place and 
Cay, declination, in degrees and minutes, at the noon 
ow of every day of the ſecond year after leap year ; 
rom 


which is a mean between thoſe of leap year it- 


uſeful for inſcribing the months and their days 
i the on ſun-dials; and alſo for finding the latitudes 


of places, according to the methods preſcribed 
after the table. 


The intermediate days may be drawn in by hand, if 
the ſpaces be large enough to contain them, 


7 A Table 


over the center E, and alſo over the ſun's decli- 


1, the ſelf, and the firſt and third years after. It is 
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Tables of the Sun's Place and Declination, 


A Table ſhewing the ſun's place and declination,” n, | 
fa aa } ebruary, 
"5; Sun's PT. Sun's Dec. SL Pl. Sun's Dec, 
DMB. M. |:.|D: VIB. I- 

11150 Ff 23 S 1 122 38| 17 S 2 

212 6 22 $55] | 2113 39] 16 45 

3113 81 22 79 3114 40 16 27 

414 9 22 43 45 41] 16 10 
Ius 100 22 37 $116 415 15 $1 

6116 11] 22 29 617 42] 15 

Mey. 12 22-32 7118 43] 15 

$118 13] 22 14 | $119 43] 14 

39 * 22 5 2 441 14 
10,20 8 121 451 14 
12 7 — 21 47] 1122 4/13 
12/22 15 21 37] 1223 46] 13 
13/23 19 21 13124 76 13 
1424 201 21 17 14125 47] 12 
1528 2121 6| [15/26 47] 12 
1626 22] 20 $4 1627 48] 12 
1727 24] 20 43| [17]28 480 11 
1828 25] 20 30 18129 480 11 
1929 26] 20 18 ' OX 49) 11 
20; O 27] 20 F 200 1 49] 10 
T8323 : 19 52 |21] 2 ' 10 
22] 2 29 19 38] 22 3 50 10 
39-3 3c-19 een 6$0.--9 
244 31019 100 1245 510 9 
2515 32] 18 ce] j25| 6 $51] 9 
2666 33] 18 40] 26) 7 cu] 8 
M57 ye T3 2x 127-$--53---8- 
2808 35118 of 289. 51] 7 55 
29; 9 35] 17 $3] In cheſe tablesN bg- 
[30/10 36, 12 36 nifiesnorth dechins | 
Rif 371 179 15] | tion, and S ſouth 
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Tables of the Sun's Place and Declination: 


A Table ſhewing the ſun's place and declination, 
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March. 
Sun's Pl.|>un's Dec. 
B. M. D. M. 
10* 52] 78 30 
. 
52] 6 44 
84 6 21 
g2]_$ 58 
$A 5 35 
„ 
gi] 4 48 
gi] 4 25 
n 
gi] 3 38 
. 
50 2 $I 
Z *£ 
49] 2 4 
25 49] 1 40 
26 48] 1 16 
7 45] © $3 
28 48] © 29 
oy... 471-0 5 
47] Ni? 
. 46] © 42 
451-2 {6 
45] 1 29 
_44]_1_53 
43] 2 17 
42 2 40 
$43 
3 27 
40) 3Z $0 
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Tables of the Sun's Place and Declination. 


A Table thewing the ſun's piace and declination. 


; May. June. 
Sun's PI.}Sun's Dec. S1>un's PI.|Sun's Dec, 

5. I. B. II. 5 P. NI. P. N. 
os 5; 16N7 110 n 44] 22N 5 

2111  CH-15 36 211 41] 22 13 

3412 $51] 15 43] | 3j12 39] 22 21 

4113 49! 16 ᷣ 0 4113 36022 28 

$114 47] 16 180 | $114 34 22 35 

6015 45| 16 35| [6/15 31] 22 gi 

7116 43] 16 $51] | 7116 28] 22 47 

8117 41] 17 - 8| | $117 26f 22 5. 

918 3917 24| | 918 23] 22 58 

10119 30} 17 40 1919 20] 23 3 

riſ20 34] 17 55] 11/20 18] 23 7 

124221 J 18 iq 11221 36} 23 11 

1 32 30 19 A ae nns 

1223 28] 18 40 1423 9/23 18 

15124 25/18 54] [15124 7] 23 

1625 23] 19 B| 160625 a4] 23 2 

19126 219 2 117120 3} 23 2 

1827 19] 19 35 |18j26 580 23 26 

19028 16619 48] 1927 56023 27 
2029 144 29 1} 2928 $53] 23 28 | 
21] Ou 11] 20 13] 2/29 5o| 23 28 | 
22] 1 & 20 25| [22] 0347] 23 2 | 
23 2 J 20 31 123] 1 45] 23 6 | 
24] 3 4| 20 48] 24 2 42] 23 27 | | 
25) 4 2 20 55 |25| 3 39] 23 20 | 
264 5a ic 26 4 36] 23 24 | 
27 5 57 21 200 275 35] 23 21 | 
28 6 54] 21 30 2806 31] 23 19 
29 „ 4-4:21-13Y 89-7 $6.95 16 

3008 49% 4 3408 2523 12 

311 9 471 21 L 


A Table 


Tables of the Sun's Place and Declinatian. 343 


7 T Table ſhewing the ſun's place and declination, . 
| | July. | 2 Auguſt. — 
4 Sun's 4 words Dec. Sung Pl.Sun's Dec. 
a P. M.| D. M. | 5 D. M D. M. 
c | 1 98 22] 23N 8 ll 8K 58] I N 2 
5 210 19 23 44129 $5] 17 47 
0 e ie 4 17 3 
g 4112 14] 22 55| | 411 50 17 16 
6 SHES ---0.1 22 49 _$112 48] 17 = 
N 614 B 22 43 6¹3 45] 16 43 
6 e 1114 43] 16 25 
1 8.16 N22 3 8/15 41] 16 9 
: 917 2 22 23] | 916 38] 15 52 
; wrt 571.23 1c PR? a0 75 [24 
7 tits 54 22 8 
11 ig $1 22 
ic 1320 49] 21 52 
18 14421 10 1 | 
22 43| 21 33 | 
23 400 21 22 | 
24 3821 14 | 
3 | 
20 652 [ 
20 41 | 
30 | 
18 
160 
54 
4 | 
28 
I 4 
| 
46 
32 


| 
j 
4 
' 
* 
T 
4 


— — 
— 
— - —— — 2 
—— — — 97 24 _ 
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A Table thewing the ſun's $ place and declination, ] 


October. 


September. 
Sun's Pf. Pun 7 Dec. 
B. N. B. NM. 
| [|] 8249] 8N 16 

« >» a... RAS 
310 46] 7 33 
44% 44] 7 10 
| 5'2 47] 6 48 
| 61:3 40] 6 26 
714 30] 6 
8.5 37] 5 41 
96 35] 5 18 
1912 34] 4 55 
1418 321 4 
1219 Jil 4 
1-120 291 3 
14121 28] 3 
15122 26] 3 
1623 '25] 2 
17124 2-2] 2 
188 2 I 
19126 21] 1 
207 2c | 
21128- 15} 4 
2229 17 17 
23] Oo 16] OS 6 
30.7 14] 0: 36 
25] 2 14] © $3 
r 
i 
ine 
2 © 10 23. 3 
Ro 00S 
| 


Pan Pl. Sun's Dec 
=D. M. B. M. 
4 3 
Il 8 8] 38 
Ng. Rv 
31 7 4 
* 0s 
3 
63 4 5 
1114 4 5 
„ 
9116 31 6 
1017 21 6 
b 
. 
1 ec 7 
1421 Oo 8 
1522 © 8 
1623 oo 8 
17123 $Y 9 
18124 591 9 
1925 58 10 
20026 58 10 
21127 58 10 
22028 $58] 11 
23129 58 11 
244 om 58] 11 
2511 $£&8' 12 
26 2 58 12 
27, 3 58 12 
28 4 48 13 
29 5 $58, 13 
39,6 58 58| 13. 


r —  — >. a 5 6D -- 
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| A Table ſhewing the ſun's place and declination. 
[November. December. 
duns Fl. Sun's Dec. - Sun's Pl.Sun's Dec. 
EP NM. P. NH. B. N. PB. N. 
| 1] 8m 58 148 5 Il 9# 16| 218 52 
29 $58] 14 500 2/10 17] 22 1 
$20”: $15 $011} 22 10 
411 59 15 27 4002 is 22 1 
312 $9} 15 45} |_5j13 29 22 25 
613 59g] 16 3 | $114 21] 22 33 
Tis of 16 21 AS 22192 -4 
81:6 of 16 3 8116 23] 22 46 
[7-01-16 56 2 247 22 33 
jours 117 173 E 21 68 
1 17 3 1119 26623 3 
12420 2 17 46 1220 27 23 8 
! 207-23 22 
1422 3| 18 18] a2 29] 23 15 
15123 4 18 34] [1523 30} 23 18 
16124 418 49 64 31] 23 27 
17228 519 4 75 33] 23 24 
1826 5/19 18] 86 34] 23 26 
927 6] 19 32 "97 35] 23 27 
2928 7] 19 46 2928 36 23 28 
2129 7] 19 59g} 229 37] 23 28 
24 © f $8] 20 12] |22] o 38] 23 28 
23] 1 9 20 25| [23] 1 400 23 28 
244 2 10] 20 37] 24 2 4/23 27 
25103 11f 20 49] [25] 3 42] 23 25 
26] 4 11 21 1] [26] 4 43] 23 23 
27] 5 12] 21 12] [27] 5 44] 23 210 
28] 6 13] 21 23] [28] 6 46| 23 18 
0 14] 21 33 '9 7 47] 23 15 
zo] 8 15} 21 43] j3Jo} 8 48] 23 11 
LEY 31l 9 49] 23 6 
3 7 2 
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| Rules for finding the Latitude. 


To find the latitude of any place by obſer vation. 


The latitude of any place is equal to the 
elevation of the pole above the horizon of that 
place, Therefore it is plain, that if a ſtar wa 
fixt in the pole, there would be nothing re. 
quired to find the latitude, but to take the al. 
titude of that ſtar with a good inſtrument. But 
although there is no ftar in the pole, yet the 
latitude may be found by taking the greateſt 
and leaſt altitude of any ſtar that never ſets : for 
if half the difference between theſe altitudes be 
added to the leaſt altitude, or ſubtracted from 
the greateſt, the ſum or remainder will be equal 
to the altitude of the pole at the place of obſer- 
vation, 

But becauſe the length of the night muſt be 
more than 12 hours, in order to have two ſuch 
obſeryations ; the ſun's meridian altitude and de- 
clination are generally made uſe of for finding 
the latitude, by means of its complement, which 
is equal to the elevation of the equinoctial above 
the horizon; and if this complement be ſubtract- 
ed from go degrees, the remainder will be the 


latitude, concerning which, I think, the follow- 


ing rules take in all the various caſes. 

1. If the fun has north declination, and is on 
the meridian, gy the ſouth of your place, 
ſubtract the declifition from the meridian alti- 
tude (taken by a good quadrant) and the re- 


, mainder will be the height of the e quinoctial or 


complement of the latitude north. 


ENAM- 
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EXAMPLE. 


" {The ſon's meridian altitude 42* 20 South 
oppoſe Ad his declination, ſubt. 10 15 North 


Rem. the complement of the lat. 32 5 
Which ſubtract from — — 90 © 


And the remainder is the latitude 57 55 North 


2. If the ſun has ſouth declination, and is 
futhward- of your place at noon, add the de- 
dination to the meridian altitude; the ſum, if 
es than go degrees, is the complement of the 
atitude north: but if the ſum exceeds 90 de- 
grees, the latitude is ſouth; and if 90 be taken 
fom that ſum, the remainder will be the lati- 
tude, | 


EXAMPLES. 
The ſun's meridian altitude 65 10 South 
The ſun's declination, add 15 30 South 
Complement of the latitude 80 40 
dubtract from — — 90 0 


Remains the latitudte @ 2% North 


The ſun's meridian altitude 80 40! South 
The ſun's declination, add 20 10 South 


The ſum is — — 100 50 
From which ſubtract — 98 


Remains the latitude — 10 $0 Sour! 


3. 
w 


as 
— 1 
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3. If the ſun has north declination, and is on 
the meridian north of your place, add the deci. 
nation to the north meridian altitude; the ſum, 
if leſs than 90 degrees, is the complement of 
the la titude ſouth: but if the ſum is more than 
go degrees, ſubtract go from it, and the re. 


mainder 1s the latitude north. 
EXAMPLES. 

Sun's meridian altitude 60* uo North 

Sun's declination, add 20 10 North 


Complement of the latitude 80 40 
Subtract from — 29 8 


Remains the latitule — 9 20 South 


Sun's menidian altitude 70? 20 North 
Sun's declination, add 23 20 North 


The ſum is — 93 40 
From which ſubtract— go o 


Remains the latitude — 3 40 North 


4. If the ſun has ſouth declination, and is north } 
of your place at noon, ſubtract the declination 
from the north meridian altitude, and the re- 
_— is the complement of the latitude 
outh. 


E X A M- 


Rules for finding the Latitude. 


EXAMPLE. 


dun's meridian altitude 525 30 North 
e's declination, ſubtract 20 10 South 


Complement of the latitude 32 20 
Subtract this from — go o 


And the remainder is the latitude 57 40 South 


g. If the fun has no declination, and is ſouth 
of your-place at noon, the meridian altitude is 
de complement of the latitude north: but if 
the ſun be then north of your place, his meri- 
dan altitude is the complement of the latitude 


ſouth, 


EXAMPLES, 
| Sun's meridian altitude 38* 30 South 
Subtract from — go o 
Remains the latitude — 51 30 North 
Sun's meridian altitude 38* 30of North 
Subtract from — 90 O 


Remains the latitude — 51 3o South 


6. If you obſerve the ſun beneath the pole, 
ſubtrat his declination from go degrees, and 
ad the remainder to his altitude; and the ſum 
8 the latitude, 


EX A Ms 
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declination is north or ſouth : for wkenithe { 
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ton 

EXAMPLE. ver 

| ng th 

Sun's declination —— 20 300 z got 

Subtract from — 90 0 ther 

| cation 

Remains 69 30 F Th 

Sun's altitude below the pole 10 2of * 1 
: 

The ſum is the latitude 79 50 ver 


Which is north or ſouth, according as the ſun 


has fouth declination, he is never ſeen below the 
north pole; nor is he ever ſeen below the ſouth 
pole, when his declination is north. 

7. If the fun be in the zenith at noon, and 
at the ſame time has no declination, you are 
then under the equinoctial, and ſo have no [at 
tude. 

8. If the ſun be in the zenith at noon, and 
has declination, the declination is equal to the 
latitude, north or ſouth. Theſe two caſes are ſ 
plain, that they require no examples. 


rc 

| wl 

. 10 
Of Dialing. 


H AVING ſhewn in the preceding Lec- 
ture how to make ſun-dials by the afliſt- 
ance of a good globe, or of a dialing ſcale, we 
ſhall now proceed to the method of conſtructing 
dials arithmetically ; which will be more agree- 
able to thoſe who have learnt the elements 
| trig0- 


Of Dialing. 


vigonometry, becauſe globes and ſcales can 
derer be ſo accurate as the logarithms, in find- 
ng the angular diſtances of the hours. Yet, as 


globe may be found exact enough for ſome 
. tber requiſites in dialing, we fhall take it in oc- 
calionally. 


whatever, may be included in one general rule : 
intelligible, if that of a horizontal dial for any 
nyen latitude be well underſtood. For there is 
o plane, however obliquely ſituated with re- 
ſpect to any given place, but what is parallel 
o the horizon of ſome other place; and there- 
fore, if we can find that other place by a pro- 
blem on the terreſtrial globe, or by a trigonome- 
tical calculation, and conſtruct a horizontal dial 
for it; that dial, applied to the plane where it is 
u ſerve, will be a true dial for that place, Thus, 
an erect direct ſouth dial in $14 degrees north 
latitude, would be a horizontal dial on the fame 
meridian, go degrees ſouthward of 514 degrees 
north latitude ; which falls in with 384 degrees 
of ſouth latitude ; but if the upright plane de- 
cines from facing the ſouth at the given place, 
it would ſtill be a horizontal plane go degrees 
from that place; but for a different longitude :. . 
which would alter the reckoning of the hours 
accordingly. 


] * The conſtruction of ſun-dials on all planes 


the fun 
cht f 
ow the 
* ſouth 


ON, ang 
you ard 
no lat 


n, and 
to t 
are { 


CASE 1. 


1. Let us ſuppoſe that an upright plane at 
London declines 36 degrees weſtward from 
facing the ſouth ; and that it is required to find 
a place on the globe, to whoſe horizon the faid 
plane is parallel; and alſo the difference of lon- 
gitude between London and that place. 

Rectify 


9 


EA 
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Rectify the globe to the latitude of Long 
and bring London to the zenith under the — 
meridian, then that point of the globe which lie, 
in the horizon at the given degree of declination 
(counted weſtward from the ſouth point of the 
horizon) is the place at which the above-men. 
tioned plane would be horizontal.Now, to find 
the latitude and longitude of that place, kee 

your eye upon the place, and turn the globe all. 
ward, until it comes under the graduated edge 
of the braſs meridian ; then the degree of the 


| braſs meridian that ſtands directly over the place, 


is its latitude ; and the number of degrees in the 
equator, which are intercepted between the me- 
ridian of London and the bras meridian, is the 
place's difference of longitude. 

Thus, as the latitude of London is 511 de- 
grees north, and the declination of the place is 
36 degrees weſt; I elevate the north pole ;14 
degrees above the horizon, and turn the globe 
until London comes to the zenith, or under the 
graduated edge of the meridian ; then, I count 
36 degrees on the horizon weſtward from the 
ſouth point, and make a mark on that place of 
the globe over which the reckoning ends, and 
bringing the mark under the graduated edge 
of the braſs meridian, I find it to be under 30! 
degrees in ſouth latitude : keeping it there, I count 
in the equator the number of degrees between 
the meridian of London and the braſen meridian 
(which now becomes the meridian of the required 
place) and find it to be 423. Therefore an up- 
right plane at London, declining 36 degrees 
weſtward from the ſouth, would be a horizontal 
plane at that place; whoſe latitude is 304 degrees 
ſouth of the equator, and longitude 424 degree: 
weſt of the meridian of London, 


Which 


PLATE XXII. 


Keen A. 


Which difference of longitude being converted 
"to time, is 2 hours $1 minutes. 

The vertical dial declining weſtward 36 de- 
rees at London, is therefore to be drawn in all 
eſpects as a horizontal dial for ſouth latitude 
o degrees ; fave only, that the reckoning of 
he hours is to anticipate the reckoning on the 
orizontal dial, by 2 hours 51 minutes: for ſo 
uch ſooner will the ſun come to the meridian 
bf London, than to the meridian of any place 
hoſe longitude is 4.24 degrees weſt from Lon- 
101, ; 

2. But to be more exact than the globe will Plate 
ew us, we ſhall uſe a little trigonometry. FI. 
Let NE SI be the horizon of London, tg 
hoſe zenith is Z, and P the north pole of the 
phere; and let Zh be the 2 of a vertical 
lane at Z, declining weſtward from & (the 
th) by an angle of 36 degrees; on which 
lane an ere& dial for London at Z is to be 
leſcribed. Make the ſemidiameter Z D perpen- 
icular to Z h, and it will cut the horizon in D, 
6 degrees weſt of the ſouth S. Then, a plane 
the tangent HD, touching the ſphere in D, 
jill be parallel to the plane Zh; and the axis of 
e ſphere will be equally inclined to both theſe 
lanes, | 
Let VE be the equinoctial, whoſe eleva- 
on above the horizon of Z (London) is 38 
legrees; and PRD be the meridian of the 
place D, cutting the equinoCtial in R. Then, 
is evident, that the arc RD is the latitude or 
he place D (where the plane Zy would be hori- 
ontal) and the arc R Q is the difference of lon- 
tude of the planes Z h and DH. | 
In the ſpherical triangle VD R, the arc / D 


given, for it is the complement of the plane's 
decli- 
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the horizon of Z, namely 384 degrees. $y 
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declination from & the ſouth; which conyle. 
ment is 54* (viz. g0*—36*): the angle at N 
in which the meridian of the place D cuts th 
equator, is a right angle; and the angle RV) 
meaſures the elevation of the equinoctial abgy 


To fil 
places D 
of 384 C 
J, ſo is t 
geclinati 


e e 1 | o1t 
therefore, as radius is to the co-ſine of th ond 


plane's declination from the ſouth, ſo is the cy. 
fine of the latitude of Z to the fine of RD th 
latitude of D.: which is of a different denoni. 
nation from the latitude of Z, becauſe Z and 
are on different ſides of the equator. 


To the 
Add the 


Then 


6 the ne 
TY 
To co-ſine 36“ ORA 9.90790 | 

> being re 

So co-ſine 51 30. 9.7941 A 

To ſine 30 14/=DR (9.70210 bw 

the latitude of B, whoſe horizon is panel 1 

the vertical plane Zh ar Z. _” 

the pla 

N. B. When radius is made the firſt tem, it... 

may be omitted, and then, by ſubtrafting it N bcauſe 

mentally from the ſum of the other two, te de me 
operation will be ſhortened. Thus, in the pre- we 

ſent caſe, . 6 5 

3b deg 

To the logarithmic fine of J/R=* ge o 9.90796 Aſſy 

Add the * — 'of RD=t 38 — qt lhe di; 

| | — . 

Their ſum— radius — — — gon bori20 

gives the ſame ſolution as above. And ve ſhall (RP 

ana to this method in the following part of the calls 0 
Work. Wal, 


Cuttins 
* 'The co- ſine of 36? o, or of R. 
+ The co- ſine of 51 30”, or of 22, 


To 
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le. To find the difference of longitude of the 
. aces D and Z, ſay, as radius is to the co-ſine 
A of 48% degrees, the height of the equinoctial at 


7, ſo is the co-tangent of 36 degrees, the plane's 
teclination, to the co-tangent of the difference 
of longitudes. Thus, 


To the logarithmic ſine of“ 51* 3of g.89354 
Add the logarithmic tang. of f 54% of 10.13874 


Their ſum—radius - - - — 10.03228 
s the neareſt tangent of 47 8 = R; which 
s the co-tangent of 42* 52! = R ©, the dif- 
krence of longitude ſought. Which difference, 
being reduced to time, is 2 hours 514 minutes. 

3. And thus having found the exact latitude 
nd longitude of the place D, to whoſe horizon 
be vertical plane at E is parallel, we ſhall pro- 
ted to the conſtruction of a horizontal dial for 
tie place D, whoſe latitude 1s 30˙ 14/ ſouth; 
but anticipating the time at D by 2 hours 51 


7 minutes (neglecting the ? minute in practice) 
he becauſe D is fo far weſtward in longitude from 


the meridian of London; and this will be a 
me vertical dial at London, declining weſtward 
1b degrees. 


4 lie dial, and make the angle K C P equal to 
oe latitude of the place (viz. 30? 14/) to whoſe 
i bonzůon the plane of the dial is parallel; then 
hall CR will be the axis of the ſtile, or edge that 
the tts the ſhadow on the hours of the day, in the 


dal. This done, draw the contingent line E ©, 
ung the ſubſtilar line at right angles in K; 


Ihe co: ſine of 38% 30”, or of VD R. 
The co-tangent of 36?, or of D IV. 


To 


A2 and 
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Aſſume any right line C'S L for the ſubſtile of Fig. 2 
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and from K ma 
2 77 A. perpendicular to the axis BN horizon 
1 ( K R) being made rad 
that is, equal to the chord of 60? or tange _ 
| 45* on a good ſector, take 42* 52/ (the "iſ be 
| | ence of longitude of the places Z and D) * 4 
the tangents, and having ſet it from Kt y — 
draw C M for the hour-line of XII. Tale V — 
equal to the tangent of an angle leſs by 1 0 * 
grees than Xx M; that 1s, the tangent a; ' de d 
and through the point N draw C N for the Xo * 
line of I. The tangent of 125 52 (which i wh 
15* leſs than 27* 5g2/) ſet off the ſame-way, vil theo ; 
give a point between K and N, through which * 
the hour-line of II is to be drawn. The ta- 
gent of 2* 8“ (the difference between 457 and 
42 52”) placed on the other fide of CD] e f 
etermine the point through which the hour-le * 
of III is to be drawn: to which 2* 87, if the Spa 
tangent of 15* be added, it will make 178; if by 
and this ſer off from K toward Q on the ne ls 1 
E Q, will give the point for the hour-line of her de 
IV: and fo of the reſt.— The forenoon hour- heh l 
lines are drawn the ſame way, by the continu * 
ane of the tangents 15˙, 30, 45˙, Kc. to 
27 52! (= the tangent of K M) for the hour 
of XI, X, IX, &c. as far as ncceſſary; that b, 
until there be five hours on each ſide of the fu If 
ſtile. The ſixth hour, accounted from that hour 0 al 
or part of the hour on which the ſubſtile falls, ton f . 
will be always in a line perpendicular to the ſub- ) « 
ſtile, and drawn through the center C. qual £ 
4. In all erect dials, C M, the hour-line of C 1 
3 is perpendicular to the horizon of the 24D 
place for which the dial is to ſerve: for tat 20 
125 5 the interſcction of a vertical plane wit nadrar 
plane of the meridian of the place, both ur- ci 


which are perpendicular to the plane of the eil det 
horizon: 
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borizon: and any line HO, or 5 o, perpendi- 
war to CM, will be a horizontal line on the 
dane of the dial, along which line the hours | 
nay be numbered: and CM being ſet perpen- | 
licular to the horizon, the dial will have its true * 
oſition. | 
5, If the plane of the dial had declined by an | 
qual angle toward the eaſt, its deſcription would | 
uve differed only in this, that the hour-line of 4 
Jul would have fallen on the other ſide of the 1 
ſbſtile CL, and the line HO would have a |. 
fbcontrary poſition to what it has in this 
foure. 

6. And theſe two dials, with the upper points 
of their ſtiles turned toward the north pole, will 
krve for the other two planes parallel to them; 
he one declining from the north toward the 
aſt, and the other from the north toward the 
reſt, by the ſame quantity of angle. The like 
holds true of all dials in general, whatever be 
teir declination and obliquity of their planes to 
de horizon, 
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CASE: U. 


7. If the plane of the dial not only declines, Fig. 3. 
but alſo reclines, or inclines. Suppoſe its declina- 

bn from fronting the ſouth & be equal to the arc | 
ID on the horizon; and its reclination be 11 
qual to the arc Da of the vertical circle DZ. 
en it is plain, that if the quadrant of altitude 
D, on the globe, cuts the point D in the | 
rizon, and the reclination is counted upon the | 
Wudrant from D to 4; the interſection of the | Wy 
Wur-circle P R d, with the equinoctial TE, 
determine R d, the latitude of the place 4, 14 
A a 2 whoſe 1 


— ̃ i ES 
o — - -- — - 
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Fig. 4. 
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whoſe horizon is parallel to the given plane Z j 
at Z; and R Q will be the difference in longi. 
tude of the planes at d and Z. ” 

Trigonometrically thus: let a great circle pak 
through the three points V, d, E; and in the 
triangle V/ D d, right-angled at D, the ſides 
I D and D d are given; and thence the angle 
Da is found, and ſo is the hypothenuſe V 
Again, the difference, or the ſum, of D/ 
and DD R, the elevation of the equinoctiil 
above the horizon of EZ, gives the angle d /R, 
and the hypothenuſe of the triangle V Rd w 
juſt now found; whence the ſides R d and R 
are found, the former being the latitude of the 
place d, and the latter the complement of R 9, 
the difference of longitude ſought. 

Thus, if the latitude of the place Z be 52 10 
north; the declination & D of the plane Zh 
(which would be horizontal at 4) be 306%, and 
the reclination be 15, or equal to the arc D 4, 
the ſouth latitude of the place a, that is, the arc 
R d, will be 15* 9“; and R Q, the difference of 
the longitude, 36% 2/. From theſe data, there- 
fore, let the dial (Fig. 4.) be deſcribed, as in 
the former example. 

8. Only it is to be obſerved, that in the te- 
clining or inclining dials, the horizontal line wil 
not ſtand at right angles to the hour-line of XII, 
as in ere& dials; but its poſition may be found 
as follows. 

To the common ſubſtilar line CKL, 01 
which the dial for the place 4 was deſcribec, 
draw the dial Cr pm 12 for the place D, whot 
declination is the lame as that of J, viz. the ate 
SD; and HO, perpendicular to C m, the hour 
line of XII on this d al, will be a horizontal line 


on the dial CPR M XII. For the declination 


Us 


of bott 
remair 
of one 
the po 

Or, 
zpply1 
hour o 
dial 30 
line an 

5 
the pr 
ſhall g 
imple 
ments 
this Kl. 
t can 
the fin 
neceſia 
diſtanc 
though 
have r 
may b. 
gentler 


Ind 


To 
Or of t. 
al, at 
tand 


Th. 


I, III, 
VII in t] 


Of Dialing. 


of both dials being the ſame, the horizontal line 
remains parallel to itſelf, while the erect poſition 


01. 

n of one dial 1s reclined or inclined with reſpect to 

1a WM the poſition of the other. 

the Or, the poſition of the dial may be found by 

lc; WY :pplying it to its plane, ſo as to mark the true 

ole WY tour of the day by the ſun, as ſhewn by another 

71, dal; or by a clock, regulated by a true meridian 

Y 1 WW line and equation table. 

Hal There are ſeveral other things requiſite in 

N; tie practice of dialing; the chief of which I 

was ball give in the form of arithmetical rules, 

/ 8 WH finple and eaſy to thoſe who have learnt the ele- 

the ments of trigonometry. For in practical arts of 

E ths kind, arithmetic ſhould be uſed as far as 
tcan go; and ſcales never truſted to, except in 

10 tie final conſtruction, where they are abſolutely 

Z bh WY neceſiary in laying down the calculated hour- 

and diſtances on the plane of the dial. And al- 

4%; though the inimitable artiſts of this metropolis 

: arc we no occaſion for ſuch inſtructions, yet they 

e of may be of ſome uſe to ſtudents, and to private 

ere- WW ccntlemen, who amuſe themſelves this way. 

15 in 

re- RU LE I. 

will 

XII 7: „d the angles which the hour-lines on any dial 

make with the ſubſtile. 

w To the logarithmic fine of the given latitude, 

ibec, Wi © of the ſtile's elevation above the plane of the 

hose Wi dal, add the logarithmic tangent of the hour 

e arc Wi dance from the meridian, or from the 

10Ur- 

1 line * That is, of 15, 30, 45, 60, 75, for the hours of I. 


ation Il, III, IV, V in the afternoon; and XI, X, IX, VIII, 
Un the forenoon, 
Aa 3 ſub- 
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ſubſtile t; and the ſum minus radius will be g;. 


logarithmic tangent of the angle ſought. 

For, in Fig. 2. KC is to K M in the rj 
compounded of the ratio of K C to K (ANN 
and of KG to K M; which making CK th 
radius, 10,000000, or 10,0000, Or 10 or V 
are the ratio of 10,000000, or of 10,0000, 0 
of 10, or of 1, to KG Xx K M. 

Thus, in a horizontal dial, for latitude Th 
307, to find the angular diſtance of XI in the fore. 
noon, or I in the afternoon, from XII. 


To the logarithmic fine of 51* 30/ 9.89354. 
Add the logarithmic tang. of 15% O 9.4280; 


22 


The ſum radius is - - - 9.321592 
the logarithmic tangent of 11*® 50, or of the 


angle which the hour-line of XI or I makes 
with the hour of XII. 


And by computing in this manner, with tht 
fine of the latitude, and the tangents of 30, 
45, 60, and 75, for the hours of II, III, IV, 
and V in the afternoon; or of X, IX, VII, 
and VII in the forenoon; you will find their an- 
gular diſtances from XII to be 24 18”, 38 3, 
$3*- 357, and 71* 6'/: which are all that there 
is occaſion to compute for. And theſe di- 
tances may be ſet off from XII by a line of 
chords; or rather, by taking 1000 from a ſcale 
of equal parts, and ſetting that extent as a 1% 


dius from C to XII: and then, taking 209 of 


+ In all horizontal dials, and erect north or ſouth dials, 
the ſubſtile and meridian are the ſame; but in all declining 
dials, the ſubſtile line makes an angle with the meridian. 
In which caſe, the radius C K is ſuppoſed to be divided 
into 1000000 equal parts. 


the 


the ſar 
natural 
om XN 
1s per} 
of the 
tangen 
782, 1 
XII, a 


laſtly, 
30 1 
equal 

The 
numbe 
that O1 
leaſt © 
and 1 
the ad 

In 
(iviſic 
angles 
hde 0 
down 
icale « 
exact! 
cente! 
then i 
from 
ons 
tange 


Of Dialing. 361 


the ſame parts (which, in the tables, are the 
natural tangent of 11* 500% and ſetting them | 
rom XII to XI and to I, on the line h, which Fig. 2, q 
s perpendicular to C XII: and fo for the reſt | 
of the hour-lines, which in the table of natural 

angents, againſt the above diſtances, are 451, 

782, 1355, and 2920, of ſuch equal parts from 

XII, as the radius C XII contains 1000. And 

aftly, ſer off 1257 (the natural tangent of 51® 

10!) for the angle of the ſtile's height, which is 

equal to the latitude of the place. 

The reafon why I prefer the uſe of the tabular 

numbers, and of a ſcale decimally divided, to 

that of the line of chords 1s becauſe there is the 

aſt chance of miſtake and error in this way; 

and likewiſe, becauſe in ſome caſes it gives us 

the advantage of a nonius diviſion. 

In the univerſal ring-dial, for inſtance, the 

liviſions on the axis are the tangents of the 

angles, of the ſun's declination placed on either 

Ide of the center. But inſtead of laying them 

down from a line of tangents, I would make a 

ſcale of equal parts, whereof 1000 ſhould anſwer 

exactly to the length of the ſemi-axis, from the 

center to the inſide of the equinoctial ring; and 

then lay down 434 of theſe parts toward each end 

from the center, which would limit all the divi- 

ons on the axis, becauſe 434 are the natural 

tangent of 23% 29/. And thus by a nonius affixed 

to the ſliding piece, and taking the ſun's declina- 

ton from an Ephemeris, and the tangent of that 

ceclination from the table of natural tangents, 

the ſlider might be always ſet true to within two 

minutes of a degree, 

And this ſcale of 434 equal parts might be 

placed right againſt the 234 degrees of the ſun's 

declination, on the axis, inſtead of the ſun's 

Aa 4 place, 
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place, which 15 there of very little uſe. For then, 
the ſlider might be ſet in the uſual way, to the day 
of the month, for common uſe; but to the na. 
tural tangent of the declination, when great ac. 
curacy is required. 

The like may be done wherever a ſcale of lines 
or tangents is required on any inſtrument, 


RULE 


The latitude of the place, the ſun's declination, and 
bis hour diſtauce from the meridian, being given; 
to find (1.) his altitude; (2.) bis azimuth, 


Let 4 be the ſun's place, d R, his declina- 
5 and in the triangle P Z d, P d the ſum, 
or the difference, of d R, and the quadrant PR 
being given by the ſuppoſition, as alſo the com- 
plement of the latitude P Z, and the angle d , 
which meaſures the horary diſtance of d from the 
meridian; we ſhall (by Cafe 4, of Kei//s Obliqu. 
ſp:.cric Trigonometry) find the baſe Z d, which 


is the ſun's diſtance from the zenith, or the com- 


plement of his altitude. 

And (2.) As fine Z d: ſine Pd: : finedPZ: 
4 Z P, or of its ſupplement D Z C, he azimuthal 
diſtance from the {outh. 

Or, the practical rule may be as follows: 

Write A for the ſine of the ſun's altitude, I. 
and ! for the fine and co-ſine of the latitude, D 
and 4 for the ſine and co-fine of the ſun's decli- 
nation, and I tor the fine of the horary diſtance 
from VI. 


Then the relation of H to A will have three 
varie ties. 
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1. When the declination is toward the ele- 
vated pole, and the hour of the day 1s between 
XI and VI; it is A = LD + HI d, and 
12. D. 

Ss © 2 
2. When the hour is after VI. it is XA LD 


LDX A 
n 14 


3. When the declination is toward the de- 
preſſed pole, we have 4 = HId—LD, and 
7 —AXLD. 

REP 7 

Which theorems will be found uſeful, and 
expeditious enough for ſolving thoſe problems 
in geography and dialing, which depend on the 
relation of the ſun's altitude to the hour of the 


day. 


EXAMPLE I. 


. Suppoſe the latitude of the place to be 512 
degrees north; the time five hours diſtant from 
XII, that is, an hour after VI in the morning, or 
before VI in the evening: and the ſun's dechaa- 
tion 20 north. Required the ſun's altitude? 


Then, to log. L = log. ſine 51* 30” 1.89354 
add log. D. = log. fine 20% of 1.53405 


Their ſum - - 1.427 59. 
gives LD = logarithm of 0.267664, in the 
natural ſines. 


* Here we conſider the radius as unity, and not 10, ooooo, 
which, inſtead of the index 9, we have—1, as above: 
Which is of no further uſe, than making the work a little 


And, 


calies, | 


e Py © — 


:: — ͤů —— —＋— W ] AA — 2 — — — — — 5 — 
» » 2 . . 2 r 


OBE ou CARS Rm OY on, inept 1 Gore 0 


| 
| 
| 


364 


Of Dzaling. 

And, to log. H = log. ſine f 15*? ff 1.41395 
log. J. = log. fine 4 38? & 1.7041 

agg | log. 4. = log. ſine . 70* of 7 
— — 

Their ſum — - - 1.18014 
gives 1d = logarithm of 0.151408, in the 
natural fines. 

And theſe two numbers (of 0.267664 and 
©.151408) make 0.419072 = A; which, in 
the table, is the neareſt natural ſign of 24* 47/, 
the fun's altitude ſought. 

The ſame hour- diſtance being aſſumed on the 
other ſide of VI, then LD—H 1d is 0.11626, 
the ſine of 6? 40/5; which is the ſun's altitude 
at V in the morning, or VII in the evening, 
when his north declination is 20“. 

But when the declination is 20 ſouth, (or to- 
ward the depreſſed pole) the difference H / 1— 
J. D becomes negative, and thereby ſhews that, 
a hour before VI in the morning, or paſt VI in 
the evening, the fun's center is 6 40% below 
the horizon. 


EAAMPLE IL 


In the ſame latitude and north declination, 
from the given altitude to find the hour. | 
Let the altitude be 48“; and becauſe, in this 


caſe H = 2 and 4 (the natural fine of 


48*) = .743145, and LD = ,267664, AL 


+ The diſtance of one hour from VL 
+ The co latitude of the place, 
The co-declination of the ſun, 
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will be 0.47 54.81, whoſe logarithmic 

ſine is = 8 1.6771331 
fom which taking the logarithmic 

fine of + d= <= = 1.7671354 


Remains 28 1.9099977 
the logarithmic ſine of the hour- diſtance ſought, 
viz. of 54* 22“; which, reduced to time, is 
3 hours 374 min. that is, IX h. 374 min. in 
the forenoon, or II h. 224 min. in the after- 
noon. 

Put the altitude = 18?, whoſe natural ſine 
is .3090170; and thence A— LD will be 
= .0491953; Which divided by / + 4, gives 
0717179, the ſine of 4* 6/4, in time 164 mi- 
nutes nearly, before VI in the morning or 
after VI in the evening, when the ſun's altitude 
8186. 

And, if the declination 20? had been toward 
the ſouth pole, the ſun would have been de- 
preſſed 18 below the horizon at 16+ minutes 
after VI in the evening; at which time, the 
wilight would end; which happens about the 
22d of November, and 19th of January, in the 
latitude of 5 1% north. The ſame way may the 
end of twilight, or beginning of dawn, be found 
for any time of the year. 

NOTE 1. If in theorem 2 and 3 (page 363) 
A's put = o, and the value of H is computed, 
we have the hour of ſun-riſing and ſetting for 
any latitude, and time of the year. And if.we 
put =o, and compute A, we have the ſun's 
altitude or depreſſion at the hour of VI. And 
laſtly, if H, A, and D are given, the latitude 
may be found by the reſolution of a quadratic 


equation; for NV. 


NOTE 
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LD 
Id 
multiplied by the tangent of the declination, 


As, it it was required, what is the greateſt length 


of day in latitude 51* 3001? 
To the log. tangent of 51˙ 830 0.0993948 
Add the log. tangent of 23˙ 29 1.637956; 


— ES 


Their ſum — — 1.737351 is 
the log. ſine of the hour-diftance 335 7/; in 
time 2 h. 124 m. The longeſt day therefore 
is 12 h. + 4 h. 26 m. = 16 h. 25 m. And 
the ſhorteſt day is 12 h.—4 h. 25 m. h. 

$ . 
And if the longeſt day is given, the latitude 


of the place is found; being equal to 7, 


FF" 


Thus, if the longeſt day is 13% hours = 2 & 6h. 
+ 45 m. and 45 minutes 1n time being equal to 
111 degrees. 
From the log. ſine of 11* 15! 1.290235 
Take the log. tang. of 23˙ 29“ 1.637946! 


— — 


Remains - - 1.6522795 
= the logarithmic tangent of lat. 24* 11”. 

And the fame way, the latitudes, where the 
ſeveral geographical climates and parallels begin, 
may be found; and the latitudes of places, that 
are aſſigned in authors from the length of ther 
days, may be examined and corrected. 

NOTE 3. The fame rule for finding the 
longeſt day in a given latitude, diſtinguiſhes the 
hour-lines that are neceſſary to be drawn on any 
dial from thoſe which would be ſuperfluous. 

In lat. 52 10/ the Jongeſt day is 16 h. 32 m. 
and the hour- lines are to be marked from 44 m. 


1 - 
att 


NOTE 2. When A is equal o, H is equal 
= TL XxX TD, the tangent of the latitude 
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after III in the morning, to 16 m. after VIII in 
the evening. | 

In the ſame latitude, let the dial of Art. 7. 
Fig. 4. be propoſed; and the elevation of its 
ſtile (or the latitude of the place 4, whoſe hori- 
zon is parallel to the plane of the dial) being 
15* /; the longeſt day at 4, that is, the longeſt 
time that the ſun can illuminate the plane of the 
dial, will (by the rule H= T LXIT D) be 
twice 6 hours 27 minutes = 12 h. 54 m. The 
difference of longitude of the planes 4 and Z 
was found in the ſame example to be 36* ; 
in time, 2 hours 24 minutes; and the declina- 
tion of the plane was from the ſouth toward the 
weſt. Adding therefore 2 h. 24 min. to 5 h. 


33 m. the earlieſt ſun-riſing on a horizontal dial 


at d, the ſum 7 h. 57 m. ſhews that the morn- 
ing hours, or the parallel dial at Z, ought to 
begin at 3 min. before VIII. And to the lateſt 
ſun- ſetting at 4, which is 6 h. 27 m. adding the 
lame 2 h. 24 m. the ſum 8 h. 5 m. exceeding 
6 h. 16 m. the lateſt ſun- ſetting at EZ, by 35 m. 
ſhews that none of the afternoon hour-lines are 
ſuperfluous. And the 4 h. 13 m. from III h. 
44 m. the ſun-riſing at Z to VII h. 57 m. the 
lun-rifing at d, belong to the other face of the 
dial; that is, to a dial declining 367 from north 
to caſt, and inclining 1 5*. 


EXAMPLE III. 


From the ſame data to find the ſun's azimuth. 


It I, IL, and D are given, then (by Art. 2. 
of Rule II.) from V, having found the altitude 
and its complement Z d; and the arc P D (the 

diſtance 
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diſtance from the pole) being given; ſay, As the 
co-ſine of the altitude is to the ſine of the diſtance 
from the pole, ſo is the ſine of the hour- diſtance 
from the meridian to the fine of the azimuth 
diſtance from the meridian. 

Let the latitude be 51* 30/ north, the decli. 
nation 15* of ſouth, and the time II h. 24 m. 
in the afternoon, when the ſun begins to illumi- 
nate a vertical wall, and it is required to find the 
poſition of the wall. 

Then, by the foregoing theorems, the com- | 
plement of the altitude will be 81* 32/2, and 
Pd the diſtance from the pole being 109? 50, and 
the horary diſtance from the meridian, or the 
angle 4 PZ, 360. 

To log. ſine 94* 1 — 1.98464 

Add log. fine 36% ll — 1.76922 


And from the ſum — 1.75386 
Take the log. ſine 81* 32/& 1.99525 
Remains - — 1.75861 S log. 


fine 355, the azimuth diſtance ſouth. 
When the altitude is given, find from thence 
the hour, and proceed as above. 


This praxis is of ſingular uſe on many oc- give 
caſions: in finding the declination of vertical nad 
planes more exactly than in the common way, if m 
eſpecially if the tranſit of the ſun's center is ob- be r 
ſerved by applying a ruler with ſights, either B 
plane or teleſcopical, to the wall or plane, whole pro 
declination is required. In drawing a meridian- of |; 
line, and finding the magnetic variation.—ln um 


finding the bearings of places in terreſtrial fur- 


his horizontal diſtance from it being obſerved, 
together with the altitude and. hour,— And 
thence 
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thence determining ſmall differences of longi- 
de, In obſerving the variation at fea, &c. 
The learned Mr. Andrew Reid invented an 
inſtrument ſeveral years ago, for finding the la- 
itude at ſea from two altitudes of the ſun, ob- 
ſerred on the ſame day, and the interval of the 
obſervations, meaſured by a common watch. 
And this inſtrument, whoſe only fault was that 
of its being ſome what expenſive, was made by 


Mr. Jactſon. Tables have been lately computed 


for that purpoſe. 

But we may often, from the foregoing rules, 
reſolve the ſame problem without much trouble; 
eſpecially if we ſuppoſe the maſter of the ſhip to 
know within 2 or 3 degrees what his latitude 1s, 
Thus, 


Aſſume the two neareſt probable limits of the 


A+LD 


latitude, and by the theorem H , com- 


pute the hours of obſervation for both ſuppoſi- 
ons. If one interval of thoſe computed hours 


coincides with the interval obſerved, the queſ- 


tion is folved. If not, the two diſtances of the 
ntervals computed, from the true interval, will 
give a proportional part to be added to, or ſub- 
tracted from, one of the latitudes aſſumed. And 
if more exactneſs is required, the operation may 
be repeated with the latitude already found. 

But whichever way the queſtion is ſolved, a 
proper allowance is to be made for the difference 
ol latitude ariſing from the ſhip's courſe in the 
ume between the two obſervations. 
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Of the double borizontal dial; and the Babylonia 
and Italian dials. 


To the gnomonic projection, there is ſometimes 
added a ftereographic projection of the hour. 
circles, and the parallels of the ſun's declination, 
on the ſame horizontal plane; the upright ſide of 
the gnomon being ſloped into an edge, ſtanding 
perpendicularly over the center of the projection: 


ſo that the dial, being in its due poſition, the regulat 
ſhadow of hat perpendicular edge is a vertical wout r 
circle paſſing through the ſun, in the ſtereogra- dich 
phic projection. o A 

e 


The months being duly marked on the dil, 


the ſun's declination, and the length of the day ll fort 


at any time, are had by inſpection; as alſo his 
altitude, by means of a ſcale of tangents. But 
its chief property 1s, that it may be placed true, 


whenever the ſun ſhines, without the help of any 


other inſtrument. 

Let d be the ſun's place in the ſtereographic 
projection, x d 2 the parallel of the ſun's dech- 
nation, Z d a vertical circle through the ſun's 
center, PA the hour-circle; and it is evident, 
that the diameter NS of this projection being 
placed duly north and ſouth, theſe three circles 
will paſs through the point 4. And therefore, 
to give the dial its due poſition, we have only to 
turn its gnomon toward the ſun, on a horizontal 
plane, until the hour on the common gnomonic 
projection coincides with that marked by the 
hour-circle Pd, which paſſes through the inter- 
ſection of the ſhadow Z d with the circle of the 
ſun's preſent declination. 

The Babylonian and Italian dials reckon the 
hours, not from the meridian, as with us, bu! 


from 
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om the ſun's riſing and ſetting. Thus, in Taly, Plate 
ne hour before ſun-ſet is reckoned the 23d hour, XXIII. 
wo hours before ſun- ſet the 22d hour; and fo 

of the reſt. And the ſhadow that marks them 

on the hour-lines, is bat of the point of a ſtile. 

This occaſions a perpetual variation between theit 

dals and clocks, which they muſt correct from 


e Hine to time, before it ariſes to any ſenſible quan- 
ling in, by ſetting their clocks ſo much faſter or 
ion. WM lover. And in Hay they begin their day, and 
the regulate their clocks, not from ſun-ſet, but from 
tical bout mid-twilight, when the Ave Maria is faid; 
g rich corrects the difference that would other- 
ne be between the clock and the dial. 
dial, The improvements which have been made in 
hay ll forts of inſtruments and machines for meaſur- 
i. Wig time, have rendered ſuch dials of little ac- | 
But count. Vet, as the theory of them is ingenious, 


rue, WI they are really, in ſome reſpects, the beſt 
any contrived of any for vulgar uſe, a general idea 
d&their deſcription may not be unacceptable. 
phie Let Fig. 5. repreſent an erect direct ſouth wall, 
cli. a which a Babylonian dial is to be drawn, ſhewing 
es de hours from ſun-riſing ; the latitude of the 
ent, WY Pace, whoſe horizon is parallel to the wall, being 
eing qual to the angle K CR. Make, as for a common 1 
cles KG KR (which 15 perpendicular ro CR) the 11 
ore, ndius of the cquinoctial A 9, and draw RS 1 
ly to WM i Pendicular to CK for the ſtile of the dial; the 


ol WH dow of whoſe point & is to mark the hours, 
anic en FR is ſer upright on the plane of the dial. 
the Then it is evident, that in the contingent line 
tcr- W the ſpaces K 1, K 2, K 3, &c. being h 
* che alen equal to the tangents of the hour-diſtances | 


om the meridian, to the radius K G, one, two, it 
ee, &c. hours after ſun-riſing, on the equi- | 
wtial day; the ſhadow of the point & will be 1 

B b found, '| 
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ſun's 1 
before 
days. 

declin 
the he 
ſtraigl 
tropic 


15 % „ 

Draw, for the like hours after ſun-riſing, when 
the ſun is in the tropic of Capricorn M v, te 
like common lines CD, CE, CF, &c. and 2 
theſe hours the ſhadow of the point R will be 
found in thoſe lines reſpectively. Find the ſun 


altitudes above the plane of the dial at thee Wil forege 
hours, and with their co-tangents 8d, Se, $f Not 
&c. to radius S R, deſcribe arcs interſecting the ¶ Scho- 
hour- lines in the points d, e, 7, &c. fo ſhall the ſetting 
right lines 1 4, 2 e, 3 f, &c. be the lines of I, Il, add. f 
III, &c. hours after ſun-riſing. tile C 
The conſtruction is the ſame in every other ¶ Aituc 
caſe, due regard being had to the difference of Kc. h 
longitude of the place at which the dial would 


be horizontal, and the place for which itis 0 oo 
ſerve. And likewiſe, taking care to draw no lines 
but what are neceſſary ; which may be done party 
by the rules already given for determining the 
time that the ſun ſhines on any plane; and party 
from this, that on the tropical days, the hyper- 
bola deſcribed by the ſhadow of the point R. 
limits the extent of all the hour-lines. 

The moſt uſeful however, as well as the 
ſimpleſt of ſuch dials, is that which is deſcribed 
on the two ſides of a meridian plane. 

That the Babylonian and Italic hours are truly 
enough marked by right lines, is eaſily ſhewn. 
Mark the three points on a globe, where the ho. 
rizon cuts the equinoctial, and the two tropics, 
toward the eaſt or weſt : and turn the globe on 
its axis 15*, or 1 hour; and it is plain, that tht 
three points which were in a great circle (. 
the horizon) will be in a great circle ſtill; which 
will be projected geometrically into a ſtraight Wl nce 
line. But theſe three points are univerſally (rtai 

un 
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ſun's places, one hour after ſun-ſet (or one hour | 
before ſun-riſe) on the equinoctial and ſolſtitial | 
days. The like is true of all other circles of | 
d&clination, beſide the tropics ; and therefore, 
the hours on ſuch dials are truly marked by 
ſtraight lines limited by the projections of the 
topics; and which are rightly drawn, as in the 
foregoing example. | 
Note 1. The ſame dials may be delineated 
vithout the hour-lines CD, CE, CF, &c. by 
{ting off the ſun's azimuths on the plane of the 
dial, from the center &, on either ſide of the ſub- 
te CS K, and the correſponding co-tangents of 
dtitude from the ſame center &, for I, II, III, 
Kc. hours before or after the ſun is in the hori- 
20n of the place for which the dial is to ſerve, on 
the equinoctial and ſolſtitial days. 
2. One of theſe dials has its name from the 
tours being reckoned from ſun-riſing, the be- 
gnning of the Babylonian day. But we are not 
hence to imagine that the egual hours, which it 
hews, were thoſe in which the aſtronomers of 
that country marked their obſervations. Theſe, 
we know with certainty, were unequal, like the 
jwih, as being twelfth parts of the natural day: 
and a hour of the night was, in like manner, a 
welfth part of the night; longer or ſhorter, ac- 
wrding to the ſeaſon of the year. So that a 
our of the day, and a hour of the night, at the 
kme place, would always make Pr of 24, or 2 
quinoctial hours. In Paleſtine, among the 
Romans, and in ſeveral other countries, 3 of theſe 
equal nocturnal hours were a vigilia or watch. 
and the reduction of equal and unequal hours 
to one another, is extremely eaſy. If, for in- 
tance, it is found, by a foregoing rule, that in a 
*tain latitude, at a given time of the year, the 
B b 2 length 
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length of a day is 14 equinoctial hours, the un. 
equal hour is then 14 or* 4 of a hour, that i, 
70 minutes; and the nocturnal hour is 50 mi- 
nutes. The firſt watch begins at VII (ſun. ſet); 
the ſecond at three times 50 minutes after; vn. 
IX h. 30 m. the third always at midnight; the 
morning watch at + hour paſt II. 

If it were required to draw a dial for ſhewing 
theſe unequal hours, or 12th parts of the day, 
we muſt take as many declinations of the ſun 2 
are thought neceſſary, from the equator toward 
each tropic: and having computed the ſun's 
altitude and azimuth for r, Hr, th parts, &c. 
of each of the diurnal arcs belonging to the de- 
clinations aſſumed : by theſe, the ſeveral pojats 
in the circles of declination, where the ſhadow 
of the ſtile's point falls, are determined: and 
curve lines drawn through the points of 2 
homologous diviſion will be the hour-lines re- 
quired. 


Of the right placing of dials, and having a trut 
meridian line for the regulating of clucks aud 
watches. 


The plane on which the dial is to reſty being 
duly prepared, and every thing neceſſary for 
fixing it, you may find the hour tolerably exad 
by a large cquinoctial ring-dial, and ſet your 
watch to it. And then the dial may be fixed by 
the watch at your leiſure. 

If you would be more exact, take the ſun's 
altitude by a good quadrant, noting the preciſe 
time of obſervation by a clock. or watch. Then, 
compute the time for the altitude obſerved (by 


the rule, page 364) and ſet the watch to agree 


with that time, according to the ſun, A Had; 
; quadrant 


How to make a Meridian Line. 


uadrant is very convenient for this purpoſe ; 
I» by it you may take the angle between the 
fun and his image, reflected from a baſon of 
vater: the half of which angle, ſubtracting the 
refraction, is the altitude required. This is 
beſt done in ſummer, and the nearer the ſun is 
to the prime vertical (the eaſt or weſt azimuth) 
when the obſervation is made, ſo much the 
better. | 

Or, in ſummer, take two equal altitudes of 
the ſun in the ſame day; one any time between 
and 10 in the morning, the- other between 2 
and 5 in the afternoon ; noting the moments of 
theſe two obſervations by a clock or watch: and 
if the watch ſhews the obſervations to be at 
equal diſtances from noon, it agrees exactly 
with the ſun; if not, the watch muſt be cor- 
refted by half the difference of the forenoon and 
afternoon intervals; and then the dial may be 
ſet true by the watch. | 

Thus, for example, ſuppoſe you have taken 


the ſun's altitude when it was 20 minutes paſt 


VIII in the morning by the watch; and found, 
by obſerving in the afternoon, that the ſun had 
the ſame altitude 10 minutes before IV ; then 
it is plain, that the watch was 5 minutes too faſt 
for the ſun: for 5 minutes after XII is the mid- 
de tme between VIII h. 20 m. in the morn- 


ing, and III h. 50 m. in the afternoon; and 


therefore, to make the watch agree with the ſun, 
t muſt be ſet back five minutes. 


A good meridian line, for regulating clocks , 
or watches, may be had by the following me- an line. 


thod. | 

Make a round hole, almoſt a quarter of an 

nch diameter, in a thin plate of metal; and fix 

tne plate in the top of a ſouth window, in ſuch a 
| B b 3 - manner, 
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manner, that it may recline from the zenith 2 
an angle equal to the co-latitude of your place, 
as nearly as you can gueſs; for then, the plate 
will face the fun directly at noon on the equi. 
noctial days. Let the fun ſhine freely through 
the hole into the room; and hang a plumb-line 
to the ceiling of the room ; at leaſt five or fix 
feet from the window, in ſuch a place as that the 
ſun's rays, tranſmitted through the hole, may 
fall upon the line when it is noon by the clock; 
and having marked the ſaid place on the ceiling, 
take away the line. 

Having adjuſted a ſliding bar to a dove tail 
groove, in a piece of wood about 18 inches long, 
and fixed a hook into the middle of the bar, nail 
the wood to the above-mentioned place on the 
ceiling, parallel to the ſide of the room in which 
the window 1s: the groove and bar being to- 
ward the floor. Then, hang the plumb᷑ine 
upon the hook in the bar, the weight or plum- 
met reaching almoſt to the floor ; and the whole 
will be prepared for farther and proper adjuſt- 
ment, 

This done, find the true ſolar time by either 
of the two laſt methods, and thereby regulate 
your clock. Then, at the moment of next noon 
by the clock, when the ſun ſhines, move the 
ſliding bar in the groove until the ſhadow of the 
plumb-line biſects the image of the ſun (made 
by his rays tranſmitted through the hole) on the 
floor, wall, or on a white ſcreen placed on the 
north ſide of the line ; the plummet or weight 
at the end of the line hanging freely in a pail of 
water placed below it on the floor. But becauſe 
this may not be quite correct for the firſt time, 
on account that the plummet will not ſettle im- 


.mediately, even in water; it may be farther cor- 


I recte 
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rected on the following days, by the above me- 
thod, with the ſun and clock; and ſo brought to 
a very great exactneſs. 

N. B. The rays tranſmitted through the hole, 
will caſt but a faint image of the ſun, even on a 
white ſcreen, unleſs the room be ſo darkened 
that no ſun- ſnine may be allowed to enter, but 
what comes through the ſmall hole in the plate. 
And always, for ſome time before the 2 
tion is made, the plummet ought to be immerſed 
in a jar of water, where it may hang freely; by 
which means the line will ſoon become ſteady, 
which otherwiſe would be apt to continue 
ſwinging. | 

As this meridian line will not only be ſuffi- 
cient ſor regulating of clocks and watches to the 
true time by equation tables, but alſo for moſt 
aſtronomical purpoſes, I ſhall ſay nothing of the 
magnificent and expenſive meridian lines at 
Bologne and Rome, nor of the better methods by 
which aſtronomers obſerve preciſely the tranſits 
of the heavenly bodies on the meridian. 


LECT... 


Shewing how to calculate the mean time of any New 
or Full Moon, or Eclipſe, from the creation of the 
world to the year of Chriſt 5800. 


N the following tables, the mean lunation is 
about a 20th part of a ſecond of time longer 
than its meaſure as now printed in the laſt 


edition of my aſtronomy ; which makes the dif- 


ference of a hour and 30 minutes in 8000 years. 
—But this is not material, when only the mean 


times are required, * 
Bb 4 PRE- 
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as will make up the given year: then, join the 


tions. 


whole ſum of the collection. 
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and {u 
remain 


PRECEPTS: 


| Thi 
(mark 
To find the mean time of any New or Full Moon is this la 
any given year and month after the Chriſtian writin 
Era, 
Th 
1. If the given year be found in the third ed M. 
column of the Table of the moon's mean motion from remal 
the ſun, under the title, Years before and after down 
CHRIST ; write out that year, with the mean 
motions belonging to it, and thereto join the Lat 
given month with its mean motions. But, if ed S. 
the given year be not in the table, take out the emal 
next leſſer one to it that you find, in the ſame you þ 


column ; and thereto add as many complete' years, 


given month, and all the reſpective mean mo- 


2. Collect theſe mean motions into one ſum of 
ſigns, degrees, minutes, and ſeconds ; remem- 
bering that 60 ſeconds (/) make a minute, 60 
minutes () a degree; 30 degrees (“) a ſign, and 
12 ſigns (*) a circle. When the ſigns exceed 
12, or 24, or 36 (which are whole circles) reject 
them, and ſet down only the remainder ; which, 
together with the odd degrees, minutes and 
ſeconds already ſet down, muſt be reckoned the 


3. Subtract the reſult, or ſum of this collec- 
tion, from 12 ſigns; and write down the remain- 
der. Then, look in the table, under Days, for 


the next leſs mean motions to this Fence, 
+. > 2 | an 
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and ſubtract them from it, writing down their 
remainder, 


This done, look in the table under hours 


(marked H.) for the next leſs mean motions to 
this laſt remainder, and ſubtract them from it, 
writing down their remainder, 


Then, look in the table under minutes (mark- 

ed M.) for the next leſs mean motions to this 
remainder, and ſubtract them from it, writing 
down their remainder, 


Laſtly, look in the table under ſeconds (mark- 
ed S.) for the next leſs mean motions to this 
remainger, either greater or leſs; and againſt it 
you have the ſeconds anſwering thereto. 


4. And theſe times collected, will give the 
mean time of the required new moon; which will 
be right in common years; and alſo in January 
nd February in leap years; but always one day 
oo late in leap years after February. 


EXAMPLE 
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EXAMPLE I. 


Required the time of new moon in September, 164) 
(a year not inſerted in the table) 


Moon from fun, 


To the year after Chriſt's s 0 
birth - 1753 10 9 24 < 
Add compleat years 11 O 10 14 2 
(ſum 1764) 
And join September - 2 22 21 | 


n 
» — 


The ſum of theſe mean motions is 1 12 0 24 
Which, being ſubt. from a circle, 


or - — 120 0 0 
Leaves remaining - IO 17 59 36 
Next leſs mean mot. for 26 days, 

ſubt. — — - — 10 16 57 14 
And there remains a - 11 1 
Next leſs mean mot. for 2 hours, 

ſubt. 3 - 1 o 57 
And the remainder will be - 1 5 
Next leſs mean mot. for 2 min. 


ſubt. Mn ee Op 2 3 


Remains the mean mot. of 12 ſec. - 

Theſe times, being collected, would ſhew the 
mean time of the required new moon in Sep- 
tember 1764, to be on the 26th day, at 2 hours 
2 min. 12 fec. paſt noon. But, as it is in a leap- 
year, and after February, the time is one day 00 
late. So, the true mean time is September tit 
25th, at 2 m. 12 ſec. paſt II in the _— 


Loon,, 
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NMB. The tables always begin the day at 
noon, and reckon thenceforward, to the noon of 


the day following. 


To find the mean time of full moon in any given year 
and month after the Chriſtian Ara. 


Having collected the moon's mean motion 
from the ſun for' the beginning of the given 


year and month, and ſubtracted their ſum from 


12 ſigns (as in the former example) add 6 ſigns 
to the remainder, and then proceed in all re- 
ſpects as above. 


EXAMPLE IL 


Required the mean time of full moon in September 


1764? 

== Moon from ſun. 

To the year after Chri/t's 1 
birth — = 1753 10 9 24 56 
Add complete years 11 o 10 14 20 

(ſum 1764) 
And join September - 2 22 21 8 
The ſum of theſe mean motions I 

112 0 24 


18 | an a 2 
Which, being ſubtracted from a 


circle, or — - 123 0 0.0 
Leaves remaining - 10 17 59 36 
6 0.0 0 


To which remainder add 


— 4 17 59 36 
Brought 


And the ſum will be 
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Moon from fi, 
ES 


Brought over - 4 17 59 36 
Next leſs mean mot. for 11 

days, ſubt. - - 414 6 
And there remains — I's 3 45 
Next leſs mean mot. for 7 

K 3 33 20 
And the remainder will be 20 22 
Next leſs mean mot. for 40 

minutes, ſubt. — 20 19 


2—»—— 


Remains the mean mot. for 8 
ſeconds © = - — 1 


8 


So, the mean time, according to the tables, 
is the 11th of September, at 7 hours 40 minutes 
8 ſeconds paſt noon. One day too late, being 
after February in a leap-year. 8 1 

And thus may the mean time of any new or 
ſull moon be found, in any year after the Chriſtian 
Ara. Þ 5 
To find the mean time of new or full moon in any 

given year and month before the Chriſtian ra. 


If the given year before the year of CHRIST 
be found in the third column of the table, under 
the title Tears before and after CHRIST, write it 
out, together with the given month, and join the 
mean motions. But, if the given year be not in 
the table, take out the next greater one to it that 
you find ; which being ſtill farther back than the 
given year, add as many compleat years to it as 
wil bring the time forward to the given year; then 
join the month, and proceed in all reſpects as above. 
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EXAMPLE II. 


Required the mean time of new moon in May, the 
year before Chriſt 58s ? 


The next greater year in the table is 6003 
which being 15 years before the given year, 
ad the mean motions for 15 years to thoſe of 
boo, together with thoſe for the beginning of 


May. 


Moon from ſun. 
9 0 FF +4 


To the year before Chriſt 600 6 12 6 16 
dd compleat years motion iS 6 © 55 24 
Ind the mean motions for May o 22 53 23 


ke whole ſum iss © "7 | 
Vhich, being ſubt. from a circle, 


or — — — 183 0 
Leaves remaining - 11 36 4.17 
Next leſs mean mot. for 29 days, 

ſubt. — - 11 23 31 54 

nd there remains — 18 
(ext leſs mean mot. for 3 hours 

ſubt. - — - - 1 31 26 
nd the remainder will be - 3 7 

ext leſs mean mot. for 3 min. 

ſubt. — — - — 131 
kem, the mean mot. of 14 le- 
conds — 2 ap — 6 

So, 
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To find whether the ſun is eclipſed at the time if ay 


Ofeclipſes. 


The Calculation of Eclipſes. 

So, the mean time by the tables, was de 
29th of May at 3 hours 3 min. 14 ſec. py 
noon. A day later than the truth, on accom 
of its being in a leap year. For as the yeat q 
CHRIST 1 was the firſt after a leap-yex Ile moo 
the year 585 before the year 1 was a leap- yearq 
courſe. 

If the given year be after the Chriſtian In elipſe, 
divide its date by 4, and if nothing remains, 
is a leap year in the old ſtyle. But if the gim 
year was before the Chriſtian Era (or Teo the 
CHRIST 1) ſubtract one from its date, al 
divide the remainder by 4 ; then, if nothing x. {WW Add co 
mains, it was a leap year; otherwiſe not. 


given change, or the moon at any given full, 


From the Table of the ſun's mean motion (( 
diſtance) from the moon's aſcending node, coll 
the mean motions anſwering to the given tine; 
and if the reſult ſhews the ſun to be withi 18 
degrees of either of the nodes at the time ofen 
moon, the ſun will be eclipſed at that time. Ot, Nor 
if the reſult ſhews the ſun to be within 12 degrees 
of either of the nodes at the time of full moon, 
the moon will be eclipſed at that time, in or near 


the contrary node; otherwiſe not. 
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EXAMPLE N. 


ſhe moon changed on the 26th of September 1764, 
at 2 h. 2 m. (neglecting the ſeconds) after noon. 
(See Example I.) Qu. Whether the ſun was 
elipſed at that time? | 


Sun from made. 


To the year after Chriſt's Fc: 
birth - 1753 1 019 
Add compleat years 11 75 12 
(ſum 1764) 
September 8 12 22 49 
26 days - — 27 813 
And | 

2 hours - - £42 
2 minutes — — $ 

Sun's diſtance from the aſcending 
node — - 6. 9 32 34 


Now, as the deſcending node 1s juſt oppoſite 
vo the aſcending (viz. 6 ſigns diſtant from it) and 
the tables ſhew only how far the ſun has gone 
om the aſcending node, which, by this exam- 
ple, appears to be 6 ſigns g degrees 32 minutes 


been eclipſed ; as he was then only 9“ 32! 34 
tort of the deſcending node. 


EX A M- 


— "AO ne —— — 


34 ſeconds, it is plain that he muſt have then 
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EXAMPE V. 


The moon was full on the 11th of September, 1764 9. V. 
at 7 h. 40 min. paſt noon. (See Example ll. befor 
Qu. Whether ſhe was eclipſed at that time? 


Sun from node, 


To the year after Chrift's 8 0 To the 
birth - - / * 1 28 0 1; WW Add th 
Add compleat years 11 9-223 ce 
(ſum 1764) 10 
September - 8 12 22 44 ll 

11 days 11 25 29 
And 7 hours — - 18 11 the | 

40 minutes - - I 44 
—— uns « 


Sun's diſtance from the aſcend- 
ing node 2 - 5 24 12 2 


__—_— — 


Which being ſubtracted from 6 ſigns, leaves Thi. 
only 5 47/ 32“/ remaining; and this being al though 
the ſpace that the ſun was thort of the deſcend- WF yr de 
ing node, it is plain that the moon muſt then The 
have been eclipſed, becauſe ſhe was juſt as near Wu, 


the contrary node. 
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EXAMPLE VI. 


9. Whether the ſun was eclipſed in May, the year 
before CHRIST 585 ? (Sce Example III.) 


Sun from node. 


To the year before Chriſt 600 - 


8 
; 9 
a che mean motion of 15 
complete years — 9 19 27 49 
May m4 4 
100 29 days — 18 
40 3 hours _ — 7 48 
E 3 minutes (neglecting f 
n the ſeconds) — — 8 i 


Sun's diſtance from the aſcend- 
ing node 


O 3 44 43 


Which being leſs than 18 degrees, ſhews that 
de ſun was eclipſed at that time. 
This eclipſe was foretold by Thales, and is Thaler's 


PRs - . ——— 2 
= — p 2 —— 


g al hought to be the eclipſe which put an end to the eclipſe. 1 
_ war between the Medes and Lydians. 8 


The times of the os conjunction with the When 9 
des, and conſequently the eclipſe months of an 7 

aven year, are eaſily found by the Table of the "i * 
jmn's mean motion from the moon's aſcending node; 

nd much in the ſame way as the mean con- 
junctions of the ſun and moon are found by the 

able of the moon's mean motion from the ſun. 

For, collect the ſun's mean motion from the 

ode (which is the ſame as his diſtance gone 

tom it) for the beginning of any given year, 

nd ſubtract it from 12 ſigns; then, from the 

a M- Cc remainder, 


r 4 — 
= 
— 


IT A — > . 2 
— — . — — 
8 


— 


BE 


= -— 


fr — . 
CY —— - 
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To find when there muſt be Eclipſes. 


remainder, ſubtract the next leſs mean motion; 


belonging to whatever month you find them in 
the table; and from their remainder ſubtract the 
next leſs mean motion for days, and fo on for 
hours and minutes; the reſult of all which will 
ſhew the time of the ſun's mean conjunction with 
the aſcending node of the moon's orbit. 


EXAMPLE VII. 


Required the time of the ſun's conjunction with il: 
aſcending node in the year 1764% 


Sun from node. 
To the year after Chri/t's . 


birth 1753 1 28 o 19 
Add compleat years — 11 77 1 


Mean diſt. at beg. of A. D. 1764 9 48 
Subtract this diſtance from a 


circle, or —— 12 6 0 0 
And there remains — 2 29 56 45 
Next leſs mean motion for 

March, ſubtract 2 1 16 39 
And the remainder will be 28 39 6 
Next leſs mean motion for 27 

days, ſubtract —— 28 232 
And there remains — 36 34 
Next leſs mean motion for 14 


hours, ſubtracted — 36 21 


— ] 


— 


Remains (nearly) the mean mo- 
tion of 5 minutes 


13 


— 
—— 


Hence 
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Hence it appears, that the ſun will- paſs by 
the moon's a/cending node on the 27th of March, 
at 14 hours 5 minutes paſt noon ; viz. on the 
28th day, at 5 minutes paſt II in the morning, 
according to the tables; but this being in a 
leap-year, and after February, the time 1s one 
day too late. Conſcquently, the true time is at 
5 min. palt II in the morning on the 27th day; 
at which time, the deſcending node will be di- 
rectly oppoſite to the ſun. 

If 6 ſigns be added to the remainder ariſing 
from the firſt ſubtraction (viz. from 12 ſigns) 
and then the work carried on as in the laſt 
example, the reſult will give the mean time of 


the ſun's conjunction with the deſcending node. 
Thus, in 


EXAMPLE VIII. 


To find when the ſun will be in conjunction with the 
deſcending node in the year 1764? 


Sun from node. 


To the year after Chriſt's 1 
birth 1753 1 28 © 19 
Add compleat years 11 1 2 3 56 


M. d. fr. aſc. n. at beg. of 1764 9.0 4 15 
Subtract this diſtance from a cir- 
cle, or 


T8 0.0 vo 


And the remainder will be — 2 29 5 5 45 
To which add half a circle, or Sa 0 


And the ſum will be — 8 29 55 45 


Cc 2 Brought 


— rn U DR = — — — 
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Sun fr. node. the ſ⸗ 
. 1 
Brought over — 8 29 55 45 * 


Next leſs mean mot. for Sept. ſubt. 8 12 22 49 


17 32 36 


And there remains 
Next leſs mean mot. for 16 days, 


| 
| 


| ſubt. — 1637 4 2:6 
| — day 
| And the remainder will be 55 52 hot 
4 Next leſs mean mot. for 21 hours, mu 
| ſubtracted 54 32 ſec 
| — enmmmmnms Mean 
1 Rem. (nearly) the mean mot. of An 
| J! minutes 1 20 years 
| _ — the re 
| So that, according to the tables, the fun will degre 
| be in conjunction with the deſcending node on the lt is 1 
16th of September, at 21 hours 31 minutes paſt can fi 
noon : one day later than the truth, on account and t! 
of the leap- year. 5 
The li- When the moon changes within 18 days be- it day 
— of fore or after the ſun's conjunction with either of WW icordi 
#/ the nodes, the ſun will be eclipſed at that 3 but, as 
and when the moon is full within 12 days before aca 
6 g , a Ing 
or after the time of the ſun's conjunction with ad of 
either of the nodes, ſhe will be eclipſed at that WF cannot 
full : otherwiſe not. | twill. 
Their pe- If to the mean time of any eclipſe, either of the ¶ ;* + 
riod and ſun or moon, we add Julian years 21 days : 
reſtitu- 3 557 y f T 

tion. 18 hours 11 minutes and $1 ſeconds (in which 
there are exactly 6890 mean lunations) we ſhall Com 

have the mean time of another eclipſe. For at 

the end of that time, the moon will be either 

new or full, according as we add it to the time 
of new or full moon; and the fun will be only 1. 


45" farther from the ſame node, at the end 0 
= 9 the 
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the ſaid time, than he was at the beginning of 
it; as appears by the following example“. 


The period. Moon fr. ſun. Sun fr. node. 
8 0 , IL 8 0 „ 15 


500—3 3 32 47—10 14 45 8 
ag] 40—8 26 50 37— 1 23 58 49 


4228 17—3 2 21 39—10 28 40 15 
days 21—8 16 © 21— 21 48 38 
hours I8— 9 8 35 — 4 44 
minutes 112— 5 35— 29 
ſeconds 51— 26— 2 


Mean motions — © © — 0 © 0 45 


And this period 1s ſo very near, that in 6000 
years it will vary no more from the truth as to 
the reſtitution of eclipſes, than 81 minutes of a 
degree; which may be reckoned next to nothing. 
It is the ſhorteſt in which, after many trials, I 
can find ſo near a conjunction of the ſun, moon, 
and the fame node. 


Dr. HaLLey's period of eclipſes contains only 18 years 
11 days 7 hours 43 minutes 20 ſeconds; in which time, 
according to his tables, there are juſt 223 mean Junations : 
but, as in that time, the ſun's mean motion from the node 
b no more than 11* 29% 31 49”, which wants 28” 11” of 
being as nearly in conjunction with the ſame node at the 
end of the period, as it was at the beginning; this period 
cannot be of conſtant duration for finding eclipſes, becauſe 
twill in time fall quite without their limits. The follow- 
ing tables make this period 31 ſeconds ſhorter, as appears by 
te following calculation. 

The period. Moon fr. ſun. Sun fr. node. 
8 0 . 8 0 7 75 


Compleat years 18—7 11 59 4—11 17 46 18 
days 11—4 14 5 54— 11 25 29 


hours 1 4 13 $0 © 238 38 
minutes 42— 21 20— I 49 
ſec. 44— 22— 2 
Mean motiens 00 0 $1 29 31 49 


Cc 3 | This 


392 A Table of Mean Lunations. 


This table is made by the continual addition 
of a mean lunatiòn, viz. 297 122 44” 3˙ 6 2 
14” 24" om 
| | Lun. Days. H. M. S. Th] In 100000 mean luna. 
tions, there are 8085 ju- 


I 29 12 44 3 Gllianyears 12 days 21 hours 
2 59 1 28 6 1336 minutes zo ſeconds = 
3] © 88 14 12 9 192953059 days 3 hours 30 
4 3 118 2 56 12 25|minutes zo ſeconds. 
5; 8 147 15 40 15 32 Prof of the J able. 
© 177 4 24 18 38 Moon from ſus. 
| 7 206 17 8 21 44 In W 
| 8 230 5 52 24 50 C [4000 1 14 22 12 
9 265 18 36 27 57 CJ 4000] 1 14 22 12 
| 10 29 20. 33 AS 4: eee 
| | 20 590 14 41 2 702 51 10 o 18 28 
30 885 22 1 33 11Days 12] 4 26 17 20 
40 1181 5 22 4 14/Hours 21 10 40 
50 1476 12 42 35 18Min. 36 
| 100 2953 1 25 10 3g|Sec, 20 
| - 200] : $900 2 $0 21 11 
300] 8859 4 15 31 460M. fr. ſun“ o o © © 
5 


6 Having by the former 
500] 14759 7 5 52 57ſprecepts computed the 
1000] 29530 14 11 45 54|mean time of new moon ir 
2000] $YOOT 4 23 31 48lanuary, for any giver 

3000 58591 18 35 17 42year, it is eaſy, by this Ta 


4000| 118122 8 47 3 36ſble, to find the mean time 


| 5000 147052 22 58 49 3 Jof new moon in January for 
10000] 295305 21 57 39 any number of years after. 
20000] 590611 19 55 18 ofg.4q: and by means of a 
zooco! 885917 17 52 57 Ofmalltable of lunations for 
4000c|1181223 15 50 36 of;, or 15 months, to make 
50000{14760529 13 48 15 Oa general table for finding 
[0000012953039 3 36 39 Che mean time of new d 
full moon inanygiven yea! 
and month whatever. 


| 4000 11812 
| 


— — — 


Was the tooth wear 


LS — 


ear before the yerr of 3 


D. H. M. S. Th. 

In 11 lunations there are 324 20 4 34 10. 
In 12 lunations 354 8 48 37 16. 
In 13 lunations 383 21 32 40 23. 
But then it would be beſt to begin the year with March, 
| to avoid the inconvenience of loſing a day by miſtake 1! 
leap-year. | 5 
| R — * Years 


he 4008th y 


Co mem y. 


[7 


A Table of the Moon's mean Motion from the Sun. 


lon Years [years [Years before Moon from ſun. ] Com- Moon from jun. 
* of the ſof the | and after pleat | 

21 þod World. | Cuzisr. . . 

na 706] © 4008] 5 28 11 | © 10 14 20 
| 714 8 4000 5 9 5 23 $1 
1714 [1008 | 4 Zoo 20 139 11 40 35 
27142008 [f 2000] 6 1 14 | 1 21 18 0 
[3714 [3008 2 10oo| O 12 1516 o 55 24 
38143108 | 90010 19 16 10 22 44 15 
13914 3208 — 800] 8 26 I7 | 3 2 21 39 
14014 [3308 8 700 7 3 18 | 7 11 59 4 
4114 [3498 | & 600 5 11 19 [11 21 36 27 
4214 [3598 | 4 goo] 3 18 20 | 4 13 25 19 
4314 [3908 | 400 1 1 40 | 8 26 50 37 
4414 13708 | 8 zoo o 60 | 1 10 15 56 
14514 [3808 | 2 20010 i 80 | 5 23 41 15 
4614 [13998 | 8 100] 8 16 100 10 7 6 33 
4714 [4005 | A 1 6 23 200 | 8 14 13 7 
4814 [4108 I 1015 © 300 | 6 21 19 40] 
4914 [4208 | >» 201 3 7 4004 28 26 13 
5014 [4398 | 3010 1 15 500 | 3 5 32 47 
5114 [4408 | 2 4011 22 1000 | 6 11 5 33 
15214 [4508 | 501 9 29 2000 | © 22 11 6 
5714 [5008 | & 1001] 1 4 oe 7 3 16 39 q 
641415708 | 17010 o 24 | 4000 | I 14 22 12 b 
6466 [5760 1753ho 9 Io. eon rem Jun. 1 
6514 5808 1801 6 5 | ontns, 9 p * { 
32 2 8 Compleat Moon trom jun.] Jan. 0 © © 
— 8 & - years. he ns O 17 54 4 
222 as 4 9 37 24 _ 11 29 15 16 
SES [428 19 14 48} April o 17 10 3 'N 
E 82 g == 3] © 28 - + May. 0 22 53 23 ( 
v © © 0 — 
5 E g 45 20 41 4f June | 10 48 11 
PE > x 5110 © 18 28 july | 1.16 31 32 | 
3 32 [£02 9 55 52] Aug. 2 4 6 20 
* v2.5 8.8 716 19 33 17] Sept. | 2 22 21 8 
uu. 9 $11 11 23.70 OR. | 2.28 4 29 
1 92 858 28 
5 28 80] 9 3 20 59 32] Nov. 3 15 59 17 
928 82 101 8 o 36 55] Dec. 3 21 42 7 
4 T 8 This table agrees with the tile until the year 
6 1753; and after that with the new. 


Cc 4 Day 


A Table of the Moon's mean Action from the Sun. 


Moon from ſun. | oon from fun. Moon from ſun.] 
8 o - . H. * LES 44 
M. 5 GO „4. 
1 O 12 11 27 8. 4 „. 
2] O 24 22 53. — 
3x 6 34 20] 1 I5 44 47 
441 18 45 47] 2 16 15 16 
2 o 57 i3l 3 16 45 44 
662 13 8 40 4 17 16 13 
2 14 20 7 5 17 46 42 
83 7 31 34] © 18 17 10 
31943 & 7 18 47 39 
$1 54 294 9 19 18 7 
4 14 5 5449 9 48 36 
4 26 17 20f 10 20 19 5 
5 8 28 47/1 20 49 33 
5 20 40 1412 21-20 7 
6 2 51 40 13 21 50 31 
6 IS 3 14 22 20 59 
6 27 14 34\| 15 22 51 28 
7 9 26 of 16 23 21 56 
7 21 37 271 17 723 52 25 
8 3 48 54] 16 4824 22 54 
8 16 o 2119 49024 53 22 
8 28 11 47h 20 25 23 51 
9 10 23 14/21 3 3119 
9 22 34 4 22 26 24 4 
10 446 J 23 26 55 17 
io 16 57 34| 24 27 25 45 
10 29 9 1 25 27 56 14 
11 11 20 27] 26 8 26 43 
11 23 31 54] 27 57128 57 11 
0 5 43 2 28 5829 27 40 
o 17 54 4;] 29 5920 58 8 
1 0 6 15 3005 1. 6030 28 37 


I Lunation = 202 1.28 44% 30 th 211 14 2.41 Si 


added to the time for which the moon's man diſtance from 


In lezp years, after February, a day and its motion muſt be 


he fun is given. But, when the men time of any new 0 
ull moon is regu red in leap-year after February, a day mu 
be ſubtracted from the mean time thereof, as found by the 
tables. In common years they give the day right. 


J GAY SPY <->» 
+ + + + - 


hz and 
been the year 


is birt 


914 
014 
14 
14 
714 
114 
406 
514 
5 
> 
2 
N 
0 
0 
＋ 

Y 

: 


before the year of h 
is ſuppoſed to have 
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Years 


8 Table of the Sun's mean Motion from the Moon's 395 
"i Aſcending Node. 
. | 
= ears hav wwe <a Sun from node. — Sun from node. 
d after , ” 
15 Ser 9 F< rs: Bars 
erlod. 290 We! 5 — 
. gl 6 17 67.7 3 $0 
48 . . 1 4 127 22 11 39 
) 74 8 7 10 35 11 $3 19 0127. 2 
1 4 10 149 © 22 25 
N 2c08 | 2000 5 a 
4 n 35 519.19 27 4 
' 3008 1000 3 9 10 8 31 
ä ? 1 900 7 24 32 16 9 35 
31413198 | x 9 | 4 29 17 [10 28 40 56 
en 11 17 46 18 
94 S 700l 4 24 26 18 7 4 
) 141330958 | © 25 322 19 0 651 43 
ü 143408 3 5 I 24 20 200 26 59 24 
| 2 6 9 17 49 | 1 23 58 4 
LS [3 et £11586 
| = 3 911 580 8 |3 17 57 37 
14 380 E 100 7 24 - I OO 4 14 57 2 | 
143908 2 lo 9 6 200 | 8 29 54 3 4 
| 14 _ | 1011 4 24 3 300 :. $8 5 { 
tes S 2015 9 e f 40o|5 2948 f f 
144208 = 91 1 23 57 500 [IO 14 45 8 | 
14 [4308 8 2 6 8 54 1000 8 29 30 17 | 
114 [4408 * hes 23 51 9 2000 | 5 29 o 33 1 
14 [4508 a 5 ö 9 8 36 3000 [2 28 30 50 1 
14 [5008 _— „ 4000 [11 28 1 6 
1415708 3 2 238 61 | Sun trom node. 
ab [5760 "253, 9 25.44 4 Months. „ „ or 
14 [5808 1801 — a 4 ll OCR er” | 
- = e cat dun Irom node. 
2 5 3 | . 
78. —— 110 19 F 231 Mar. | 2 1 16 3 
WY 1:32 47] April] 3 28 27] 
83 = [EY in 4 4 37 57 
5.2 » 5 3 6 29 16] July |& 7 59 14 
14 BEL C0: 34 40 Aug. | 7 9 11 1 
35 8 1 S 14 40 3] Sept. | 8 12 22 49 
#v2.0 UV BO 7 + 4 6 OR 9 13 32 18 
2 al og 5 447 4 : 
"2 © S332 23353 8 Nov. [10 15 44 5 
12886341795 c. 11 16 53 34 
2 © © Z 10] © 12 58 33] De 
IS ith the ola file until the year 
ERS | oY * "and after that, v Lich the new. 


ars Days. 


395 


| 


| 


Aſcending Node. 


In leap years, after February, add one day and one 
day's motion to the time at which the ſun's mean! 
aittance from the aſcending node is required. _ 


A Table of the Sun's mean Motion from the Mom! 


| 


4 . 
ww. 4 + }Y 1 
OY 
* 


INDEX 


SSun from node. Bun from node. [Sun from node. 
— — — — —— 
9 3 0 1 H.1 » "Ro M.! 7. 
3 Iu./ s. 
O I 2 19 8. 7. 4 .. Th. FOO 4 y 
210 2 4 38|—- 153 
30 3 6 57 10 2 36 31] 1 20 37 
40 4 9g 16] 200 5 12/ 32] 1 23 
52 5 11 36] 300 7 48 33] 1 25 4; 
blo 0 13 54] 4| 0 10 23] 34 1 28 
710 7 16 13] 5 o 12 59 35| 1 31 55 
8 0 8 18 32] o 15 35 36] 1 33 31 
990 9 20 51 o 18 11] 37] 1 38 6 
rol © 10 23 100 80 o 20 47] 380 1 38 4 
110 11 25 294 9] 0 23 23 39 1 41 18 
12] O 12 27 48 10] 0 25 58 40 I 43 54 
1310 13 30 7Þ 111 © 28 33] 41] 1 46 30 
14 © 14 32 20 12] 0 31 gf 42] 149 5 
19 2 15 34 15] 13] © 33 45] 43] 1 51 41 
1610 16 37 4] 14] 0 36 21} 44 1 54 1 
1710 17 39 23] 15] 0.38 57] 45] 1 565 
18] 0 18 41 4if 16] 0 41 324 40% 1 59 29 
191 0 19 44.. Of 17] 0 44 81 4712 2 5 
[20] o 20 46 19] 18] 0 46 44] 48] 2 4 41 
121] 0 21 48 38] 19] 0 49 20] 49| 2 7 17 
22] 0 22 50 57] 20] o 51 56] 50| 2 9 53 
23] 0 23 53 16] 21] 6 54 32] 51] 2 12 29 
24] © 24 55 35] 22] o 57 8 52] 2 15 5 
251 2 25 57 54] 23] © 59 43] 53] 2 17 41 
26] 0 27 © 13] 24| 1 2 19 54| 2 20 17 
27] 0 28 2 321 25| x 4 55 55] 2 22 53 
28] 0 29 4 510 26] 1 7 31 56| 2 25 29 
29 1 © 7 1of 27] 1 10 7 57] 2 28 4 
300 1 1 9 29] 28] 1 12 43] 58| 2 30 40 
31 1 277 u[-2097 336 91 59] 2 33 16 
321 1 3 14 471 3% 1 17 551 60 2 35 52 
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Mom, 


I 


= ; 
1 Dulteration of metals, to detect Page 159 
Fig A Air, its properties 168 
2 Air pump : 179 
— experiments upon it _— 179 
31 fiderſea (Mr.) his engine for raiſing water 182—200 
EA Angle, of incidence 205 
43 of reflection — — 240 
9 of refraction — — — 205 
55 Autœci — 267 
3¹ Apparent motion of the heavens — 250 
6 Archimedes, his propoſition for finding the area of a 
42 circle, and the ſolidity of a cylinder raiſed upon that 
18 circle 139 
54 — for finding the deceit in king Hiero's crown 153 
3b Armillary ſphere 312 
5 Atmoſphere, its whole weight upon the earth 170 
41 Attraction, of coheſion 6 
17 of gravitation — — 8 
3 of magnetiſm — 17 
29 of electricity — 18 
5 Azimuth — — — 303 
41 B 
17 Balance — — 50 
53 Barometer 172 
29 Bodies moving in orbits have a tendency to fly off from 
5 their orbits 30 
11 Bodies move faſter in ſmall orbits than in large ones 31 
[7 their centrifugal forces ib. 
53 Burning-glaſſes, the force of their heat 208 
20 | C | 
4 Camera obſcura — 238 
10 Carteſian vortexes, abſurd 35 
6 Center of gravity — — 13 
YL ——— the curves deſcribed by bodies moving round it 
ne) | 25 
in Central forces — 19—41 
1 Circles of the ſphere 251 
Climate 289 
„Coloured bodies, which are tranſparent, become opake 
if put together — 245 
lures — — — — 297 


Com- 


- _ "a x” — 8 9 1 — IR 1 
4, tl _ as 
” 1 # -_- * 
s Y -3. i A. a * — ” —- 


I EX. 


Combined forces, their effect ——— 21 . 
Common pump — 11) abs 
Conſtellations — 208 -avity 
Cranes — — 84-99 ie 
'D 
Damps — 175 2 
Baer of people's rifing haſtily in a coach or boat when i m_ 
it is likely to be overſet! — n laren. 
Days lengthened by the refraction of the ſun's rays 204 en 
Deciination of the jun and ſtars 


300 
Deſcending velocity, gives a power of equal aſcent 12 
Dialing — 8 316-37 


Double projcctile force, a balance to a quadruple power 


of gravit — 27 
gau - 
Earth, its motion demonſtrated. — 45 
4 - proof of its being globular png 24] 
Earthquakes — 176 
Eclipſes . 354 
Ecliptic — 149 
Electricity — : 1 Incline 
Engine (any mechanical) how to compute its power 43 Wi - -.. 
— tor working pumps by water 125 erm 
— for raiſuig water by the ſtrength of horſes 12 
Equation of time — — 310 Kepler” 
Equinoctial — — — | 249 and 
Eye, deſcribed — — 212 
F f Latitui 
Face of the heaven and earth, how repreſented in a . 
machine — — 248 Lead, 
Fermentations — — 170 Lewen 
Fire-damps — = {ma 
Fluids, their preſſure — — 101 Leaſes 
Fire engine — © "pa . 143 Lever 
Forces, central — 8 19-41 Light, 
combined 1 
Forcing pump . + 2 OD 
Foundation principle of all mechanics _ 47 Line 
Fountain at command — 116 Loadf 
Frigid zones — —— 27+ Ling 
cay 
Gold, how much heavier than its bulk of water 155 kd 


Gold-beaters, to what a prodigious extent they can 
hammer out gold Gul 
| 


1 ND EA. 
Glaſs, the ſhapes into which it is generally ground for 


J optical uſes 207 
* lobes, their uſe 247 
"Y 2 as the ſquare of the diſtance increaſes 10 
H 
admin. — — 87 
"y arveſt moon . — — 306 
8 * Heavens, their apparent motion — 250 
non, ſenſible and rational — 251 
* | orfe-mill = — 82 
_ pump — — 126 
Ke. Hour-circles | — — 253 
2 Hydraulic engines — — 112—134 
f Hydroſtatics — 101—110 
45 Hydroſtatic balance 154 
7 paradox — — 104 
A bellows — — 107 
3 tables —_— — 135—146 
„ eudivity of matter — 2 
_ Inclined plane — 59 
126 Inanite diviſibility of matter — 5 
120 Intermitting ſprings — — 117 
K 
* Lpler's problem concerning the ſquares of the periods 
* and Cubes of the diſtances of the planets 34 
oy Latitude, how found — 346 
246 Laws of the planets motions PHE 
1-4 L, bow it may be made to ſwim in water 109 
, a leuen hoe, his account of the number and ſize of the 
% Lal animals in the milt of a cod-fih 4 
143 Lenſes, their properties 207 
it Lever, its uſe — 49 
＋ Light, the amazing ſmallneſs of its particles 201 
122 — reflected — 202 
47 ——= refracted — — — 4209 
116 ane of direction — 13 
274 Lodftone, its properties — 1 
Ling (Rev. Dr.) his curious experiment with a con- 
155 cave mirrour — 227 
can — — his glals ſphere — 312 
4 Looking- 


23 PP 


. 
Looking-glaſs — | - 
——- need be only half the length and half 
breadth of a man, to ſhew him his whole image 24 


Magnetiſm 
Man, how he may raiſe himſelf up by his breath 10 
of a middle ſize, how much he is preſſed by th 
atmoſphere — — — In 
Matter, its properties =q 
Mechanical powers 4 
— — all combined in one engine 5 
Metals, expand by heat I; 
- their ſpecific gravities — 15 
Microſcope, ſingle — — 1 


—— 1 


yl ome 


Duantit 
their 
uickl! 


— double —— — 5 

— ſolar — mi anbo 
Mills for grinding corn — n= Ba 
Mirrours, how they reflect the light — m | pull 
Monſoons „ I' Right | 
Moon, the law of her motion — 35 24, % unnir 
Motion (all) naturally rectilineal — 1 

Multiplying glaſs 8 A 


N 


a 8 1 
Newſhan's engine for extinguiſhing fire — ee, 


deafons 
digns ( 
dilver, 
Lare 
dolidit 
dpecifi 
dpecta 


Spiriti 


Objects, how their images are formed by means d 
glaſſes 210 
why they appear erect, notwithſtanding thei 
images are inverted in the eye 214 
why they appear coloured when ſeen throup 

ſome teleſcopes | 27 


Opera-glaſs | 24) 
Optic nerve, why that part of the image which fil 
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MECHANICS. 


lhe Deſcription of a new and ſafe Crane, which 


bas four different Powers, adapted to different 
Weights. 


HE common crane conſiſts only of a 
large wheel and axle ; and the rope, by 
which goods are drawn up from ſhips, 

Ir let down from the quay to them, winds or 
oils round by the axle, as the axle is turned by 
nen walking in the wheel. But, as theſe 
ngines have nothing to ſtop the weight from 
ing down, if any of the men happen to trip 

Ir fall in the wheel, the weight deſcends, and 
rns the wheel rapidly backward, and toſſes the 
pen violently about within it; which has pro- 
uced melancholy inſtances, not only of limbs 


D d 2 broke, 
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broke, but even of lives loſt, by this ill-juꝶ 
conſtruction of cranes. And beſides, they h 
but one power for all ſorts of weights; ſoy 
they generally fpend as much time in raiſq: As tl 
ſmall weight, as in raiſing a great one. 


kngth C 
each tru 


gine W 
velocity 
eight 
mated, 


Taeſe imperfections and dangers induced ng 
to think of a method of remedying them. A 
for that purpoſe, I contrived a crane vic: 
proper ſtop to prevent the danger, and wm If th 
different powers ſuited to different weights; b Wot: 
that there might be as little loſs of time as pi. __ 
ſible : and alſo, that when heavy goods ark nd the 
down into ſhips, the deſcent may be regularal 


deliberate. the WII 


arcum 


This crane has four different powers: aud! Ang 


believe, it might be built in a room eighth fes e 
in width: the gib being on the outſide oſte 
room. 


alowa 
umes : 


Three trundles, with different numben of a4 


ſtaves, are applied to the cogs of a horizatal 
wheel with an upright axle; and the rope, that 
draws up the weight, coils round the axle, The 
wheel has 96 cogs, the largeſt trundle 24 ſtaves, 
the next largeſt has 12, and the ſmalleſt has 6. 
So that the largeſt trundle makes 4 revolutions 
for one revofution of the wheel; the next makes 
8, and the ſmalleſt makes 16. A winch is 
occaſionally put upon the axis of either of thel 
trundles, for turning it; the trundle being then 
uſed that gives a power beſt ſuited to the weight: 
and the handle of the winch deſcribes a circle i 
every revolution equal to twice the cicum- 


ference of the axle of the wheel. So tht the 


len 
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ength of the winch doubles the power gained by 
Feach trundle. 


As the power gained by any machine, or en- 
gine whatever, is in direct proportion as the 
velocity of the power is to the velocity of the 
weight ; the powers of this crane are eaſily eſti- 
mated, and they are as follows. 


If the winch be put upon the axle of the 
urgeſt trundle, and turned four times round, 
the wheel and axle will be turned once round : 
ind the circle deſcribed by the power that turns 
the winch, being, in each revolution, double the 
arcumference of the axle, when the thickneſs 
of the rope is added thereto; the power goes 
rough eight times as much ſpace as the weight 
nſes through: and therefore (making ſome 
allowance for friction) a man will raiſe eight 
mes as much weight by the crane as he would 


by his natural ſtrength without it: the power, in 
his caſe, being as eight to one. | 


If the winch be put upon the axis of the next 
trundle, the power will be as ſixteen to one, becauſe 
t moves 16 times as faſt as the weight moves. 


If the winch be put upon the axis of the 
malleſt trundle, and turned round; the power 
Wl be as 32 to one. 


But if the weight ſhould be too great, even 
br this power to raiſe, the power may be 
doubled by drawing up the weight by one of 
the parts of a double rope, going under a pulley 
n the moveable block, which is hooked to the 
weight below the arm of the gib; and then the 
| D d 3 power 
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wer will be as 64 to one. That is, a man 
could then raiſe 64 times as much weight bythe 
crane as he could raiſe by his natural ſtrength 
without it; becauſe, for every inch that the 
weight riſes, the working power will move through 
64 inches, 


By hanging a block with two pullies to the 
arm of the gib, and having two pullies in the 
moveable block that riſes with the weight, the 
rope being doubled over and under theſe pullies, 
the power of the crane will be as 128 to one, 
And ſo, by increaſing the number of pullies, the 
power may be increaſed as much as you pleaſe: 
always remembering, that the larger the pullics 
are, the leſs is their friction. 


While the weight 1s drawing up, the ratch- 
teeth of a wheel ſlip round below a catch or click 
that falls ſucceſſively into them, and ſo hinders 
the crane from turning backward, and detains 
the weight in any part of its aſcent, if the man 
- Who works at the winch ſhould accidentally hap- 
pen to quit his hold, or chooſe to reſt himſelf 
before the weight be quite drawn up. 


In order to let down the weight, a man pulls 
down one end of a lever of the ſecond kind, 
which lifts the catch of the ratchet-wheel, and 
gives the weight liberty to deſcend. But, if the 
deſcent be too quick, he pulls the lever a little 
farther down, ſo as to —_ it rub againſt the 
outer edge of a round wheel; by which means 
he lets down the weight as ſlowly as he pleaſes: 
and, by pulling a little harder, he may ſtop the 
weight, if needful, in any part of its — 
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F he accidentally quits hold of the lever, the 
catch immediately falls, and ſtops both the 
neight and the whole machine. 


This crane is repreſented in PLATE I. 
where A is the great wheel, and B its axle on 
which the rope C winds. This rope goes over 
; pulley D in the end of the arm of the gib E, 
nd draws. up the weight F, as the winch G is 
turned round. H is the largeſt trundle, I the 
iext, and K is the axis of the ſmalleſt trundle, 
which is ſuppoſed to be hid from view by the 
wright ſupporter L. A trundle M is turned 
ty the great wheel, and on the axis of this 
rundle is fixed the ratchet-wheel NM, into the 
rech of which the catch O falls. Pis the lever, 
fom which goes a rope Q, over a pulley R 
to the catch; one end of the rope being fixed 
tb the lever, and the other end to the catch. & 
z an Elaſtic bar of wood, one end of which is 
ſcrewed to the floor: and, from the other end 
goes a rope Four of ſight in the figure) to the 
further end of the lever, beyond the pin or axis 
on which it turns in the upright ſupporter 7. 
The uſe of this bar is to keep up the lever from 
ubbing againſt the edge of the wheel U, and to 
kt the catch keep in the teeth of the ratchet- 
vheel : but a weight hung to the farther end of 
the lever would do full as well as the elaſtic bar 
ad rope. 


When the lever is pulled down, it lifts the 
atch out of the ratchet-wheel, by means of the 
pe and gives the weight F liberty to 
Gene og * if I lever P be pulled a Hetle 
ather down than what is ſufficient to lift the 
eatchO out of the ratchet-wheel M. it will rub 
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againſt the edge of the wheel U, and therch 
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hinder the too quick deſcent of the weight; and 
will quite ſtop the weight if pulled hard. And 
if the man who pulls the lever, ſhould happen 
inadvertently to let it go; the elaſtic bar vi 


ſuddenly pull it up, and the catch will fall down 
and ſtop the machine. 


WW are two upright rollers above the a 


or upper gudgeon of the gib E: their uſe is 


let the rope C bend upon them, as the gib is 


turned to either ſide, in order to bring the weight 


over the place where it is intended to be [et 
down. 


N. B. The rollers ought to be fo placed, that 
if the rope C be ſtretched cloſe by their utmoſt 
fides, - the half thickneſs of the rope may be 
perpendicularly over the center of the upper 
gudgeon of the gib. For then, and in no otter 
ee of the rollers, the length of the vpe 
between the pulley in the gib and the axle of the 
great wheel will be always the ſame, in all pol- 
tions of the gib: and the gib will remain in any 
poſition to which it is turned. 


When either of the trundles is not turned by 
the winch in working the crane, it may be draun 
off from the wheel, after the pin near the axis of 
the trundle is drawn out, and the thick piece cf 
wood is raiſed a little behind the outward ſup- 
porter of the axis of the trundle. But this 
not material: for, as the trundle has no friction 
on its axis but what is occaſioned by its weigit, 
it will be turned by the wheel without any ſen- 
ſible reſiſtance in working the crane. 
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A Pyrometer, that makes the Expanſion of Metals 


by Heat viſible to the five and forty thouſandth 
Part of an Inch. | 


The upper furface of this machine 1s repre- 
ſented by Fig. 1. of Plate II. Its frame AB CD 
is made of mahogany wood, on which 1s a circle 
divided into 360 equal parts; and within that 
circle is another, divided into 8 equal parts. If 
the ſhort bar E be puſhed one inch forward (or 
toward the center of the circle) the index e will 
be turned 125 times round the circle of 360 parts 
or degrees. As 125 times 360 is 45,000, 'tis evi- 
dent, that if the bar Ebe moved only the 4 5ocodth 
part of an inch, the index will move one degree 
of the circle. But as in my pyrometer, the circle 
is 9 inches in diameter, the motion of the index 
is viſible to half a degree, which anſwers to the 
ninety thouſandth part of an inch in the motion 
or puſhing of the ſhort bar E. 


One end of a long bar of metal F is laid into 
a hollow place in a piece of iron G, which is 
fixed to the frame of the machine; and the 
other end of this bar is laid againſt the end of 
the ſhort bar E, over the ſupporting croſs bar 
HI: and, as the end f of the long bar 1s placed 
cloſe againſt the end of the ſhort bar, it is plain, 
that if F expands, it will puſh E forward, and 
turn the index e. 


The machine ſtands. on four ſhort pillars, high 
enough from a table, to let a ſpirit-lamp be put 
on the table under the bar F; and when that 1s 
done, the heat of the flame of the lamp expands 
the bar, and turns the index. 


There 
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There are bars of different metals, as filye, 
braſs, and iron ; all of the fame length as the 
bar F, for trying experiments on the different 
expanſions of different metals, by equal degree; 
of heat applied to them for equal lengths of 
time; which may be meaſured by a pendulum, 
that ſwing ſeconds. Thus, 


Pur on the braſs bar F, and ſet the index to 
the .36oth degree: then put the lighted lamp 
under the bar, and count the number of ſecond; 
in which the index goes round the plate, from 
360 to 360 again; and then blow out the lamp, 
and take away the bar. 


This done, put on an iron bar F where the 
braſs one was before, and then ſet the index to 
the 360th degree again. Light the lamp, and 
put it under the iron bar, and let it remain juſt 
as many ſeconds as it did under the brafs one; 
and then blow 1t out, and you will fee hos 
many degrees the index has moved in the circle: 
and by that means you will know in what pro- 
portion the expanſion of iron ts to the expanſion 
of braſs; which I find to be as 210 is to 360, or 
as 7 is to 12.—By this method, the relative ex- 
panſions of different metals may be found. 


The bars ought to be exactly of equal ſize; 
and to have them ſo, they ſhould be drawn, like 
wire, through a hole. 


When the lamp is blown out, you will ſee the 
index turn backward: which ſhews that the 
metal contracts as 1t cools. 


The inſide of this pyrometer is conftructed as 
follows, 


bd 
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In Fig. 2. Aa is the ſhort bar which moves 


between rollers; and, on the fide à it has 15 


teeth in an inch, which take into the leaves of a 
pinion B (12 in number) on whoſe axis 1s the 
wheel C of 100 teeth, which take into the 10 
leaves of the pinion D, on whoſe axis 1s the 
wheel E of 100 teeth, which take into the 10 
leaves of the pinion F, on the top of whole axis 
is the index above-mentioned. 


Now, as the wheels C and E have ioc teeth 
each, and the pinions D and F have ten leaves 
each ; it is plain, that if the wheel C turns once 
round, the pinion # and the index on its axis 
will turn 100 times round. But, as the firſt 
pinion B has only 12 leaves, and the bar A a 
that turns it has 15 teeth in an inch, which is 
12 and a fourth part more; one inch motion of 
the bar will cauſe the laſt pinion F to turn a 
hundred times round, and a fourth part of a 
hundred over and above, which is 25. So that, 
if Aa be puſhed one inch, F will be turned 125 
times round. 


A filk thread & is tied to the axis of the pinion 
D, and wound ſeveral times round it; and the 
other end of the thread. is tied to a piece of 
ſlender watch-ſpring G which 1s fixed into the 
ſtud H. So that, as the bar F expands, and 
puſhes the bar Aa forward, the thread winds 
round the axle, and draws out the ſpring: and 
as the bar contracts, the ſpring pulls back the 
thread, and turns the work the contrary way, 
which puſhes back the ſhort bar Aa againſt the 
long bar F. This ſpring always keeps the teeth 
of the wheels in contact with the leaves . 
the 
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the pinions, and ſo prevents any ſhake in the 
teeth, 


In Fig. 1. the eight diviſions of the inne: 
circle are ſo many thouſandth parts of an inch in 
the expanſion or contraction of the bars; which 
is juſt one thouſandth part of an inch for each 
diviſion moved over by the index. 


A Water-Mill, invented by Dr. Barker, that hs; 
neither Wheel nor Trundle. 


This machine is repreſented by Fig. 1. of 
Plate III. in which, A is a pipe or channel that 
brings water to the upright tube B. The water 
runs down the tube, and thence into the hol 
zontal trunk C, and runs out through holes at 


d and e near the ends of the trunk on the con- 
trary ſides thereof. 


The upright ſpindle D is fixt in the bottom 
of the trunk, and ſcrewed to it below by the 
nut g; and is fixt into the trunk by two cross 
bars at F. fo that, if the tube B and trunk C be 


turned round, the ſpindle D will be turned 
alſo. 


The top of the ſpindle goes ſquare into the 
rynd of the upper mill-ſtone H, as in common 
mills; and, as the trunk, tube, and ſpindle tuin 
round, the mill-ſtone is turned round there- 
by. The lower, or quieſcent mill-ſtone is re- 
preſented by 7; and K is the floor on which it 
reſts, and wherein is the hole L for letting 0 
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meal run through, and fall down into a trough 
which may be about M. The hoop or caſe 
that goes round the mill-ſtone reſts. on the floor 
K, and ſupports the 4 in the common 


way. The lower end of the ſpindle turns in a 
hole in the bridge- tree GF, which ſupports the 
mill-ſtone, tube, ſpindle, and trunk. his tree 
is moveable on a pin at h, and its other end 
is ſupported by an iron rod N fixt into it, the 
top of the rod going through the fixt bracket 
O, and having a ſcrew-nut o upon it, above the 
bracket. By turning this nut forward or back- 


ward, the mill-ſtone 1s raiſed or lowered at 
pleaſure. 


While the tube B is kept full of water from 
the pipe 4, and the water continues to run out 
from the ends of the trunk; the upper mill- 
ſtone H, together with the trunk, tube, and 
ſpindle turns round. But, if the holes in the 
trunk were ſtopt, no motion would enſue; even 


though the tube and trunk were full of water. 
For, 


If there were no hole in the trunk, the preſ- 
ſure of the water would be equal againſt all 
parts of its ſides within. But, when the water 
has free egreſs through the holes, its preſſure 
there is entirely removed: and the preſſure 
[againſt the parts of the ſides which are oppoſite 
'0 the holes, turns the machine. 
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A Machine for demonſtrating that, on equal Bu. 
toms, the Preſſure of Fluids is in Proportion ty 
their perpendicular Heights, without any regarl 
to their Quantities. | 


HIS 1s termed The Hydroftatical Paraa: 
and the machine for ſhewing it is repre. 
ſented in Fig. 2. of Plate III. In which A is: 
box that holds about a pound of water, a b c 4: 
a glaſs-tube fixt in the top of the box, having; 
{mall wire within it ; one end of the wire being 
hooked to the end F of the beam of a balance, 
and the other end of the wire fixt to a moveable 
bottom, on which the water lies, within the box; 
the bottom and wire being of equal weight with 
an empty ſcale (out of ſight in the figure) ham. 
ing at the other end of the balance. If this ſcale 
be pulled down, the bottom will be drawn up 
within the box, and that motion will cauſe the 
water to riſe in the glaſs-tube. 


Put one pound weight into the ſcale, which 
will move the bottom a little, and cauſe the 
water to appear juſt in the lower end of the 
tube at a; which ſhews that the water preſſes 
with the force of one pound on the bottom : put 
another pound into the ſcale, and the water wil 
riſe from à to & in the tube, juſt twice as 'high 
above the bottom as it was when at 4; and then, 
as its preſſure on the bottom ſupports two pound 
weight in the ſcale, it is plain that the preſſure 
on the bottom is then equal to two pounds 


Put a third pound weight in the ſcale, and the 
water 
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water will be raiſed from & to c in the tube, 
three times as high above the bottom as when 
it began to appear in the tube at a; which 
ſnews, that the ſame quantity of water that 
preſſed, but with the force of one pound on 
the bottom, when raiſed no higher than à, 
preſſes with the force of three pounds on the 


bottom when raiſed three times as high to c in 


the tube. Put a fourth pound weight into the 
ſcale, and it will cauſe the water to riſe in the 
tbe from c to a, four times as high as when 
it was all contained in the box, which ſhews 
that its preſſure then upon the bottom is 
four times as great as when it lay all within the 
box, Put a fifth pound weight into the ſcale, 
and the water will riſe in the tube from 4 to e, 
five times as high as it was above the bottom 
before it roſe in the tube; which ſhews that its 
preſſure on the bottom 1s then equal to five 
pounds, ſeeing that it ſupports ſo much weight 
n the ſcale. And ſo on, if the tube was ſtill 
longer; for it would ſtill require an additional 
pound put into the ſcale, to raiſe the water in 
the tube to an additional height equal to the 
pace Je; even if the bore of the tube was ſo 
mall as only to let the wire move freely within 
t, and leave room for any water to get round 
the wire. 


Hence we infer, that if a long narrow pipe 
or tube was fixed in the top of a caſk full of 
iquor, and if as much liquor was poured into 
tie tube as would fill it, even though it were 
lb ſmall as not to hold an ounce weight of li- 
quor; the preſſure ariſing from the liquor in 
ue tube would be as great upon the ne 
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and be in as much danger of burſting it out,; 
# the caſk was continued up, in its fall ſize, 
the height of the tube, and filled with liquor, 


In order to account for this ſurpriſing affix 


we muſt conſider that fluids preſs equally in ii ud as v 
manner of directions; and conſequently tht e. > 
they preſs juſt as ſtrongly upward as they & ide of 
downward, For, if another tube, as f, be ht breadt 
into a hole made into the top of the box, ad Mi preſſe 
the box be filled with water; and then, if water ole we 
be poured in at the top of the tube 2 5 c dz, th, 
will rife in the tube / to the ſame height as it does p of t 
in the other tube: and if you leave off pouring, PYn War 
when the water is at c, or any other place in the ai 7 ang 

he ſame 


tube a de, you will find it juſt as high in te 
tube f: and if you pour in water to fill the fit 


tube, the ſecond will be filled alſo. 


me thi 
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Now it is evident that the water riſes in the 
tube f, from the downward preſſure of the wer 
in the tube ade, on the ſurface of the water, 
contiguous to the inſide of the top of the box; 
and as it will ſtand at equal heights in both 
tubes, the upward preſſure in the tube / is equl 


to the downward preſſure in the other tube. The 1 


But, if the tube F were put in any other put of Wi" Infid 
the top of the box, the riſing of the water in it Nen 
would {till be the ſame: or, if the top was full Wi lo, is 
of holes, and a tube put into each of them, the En 
water would riſe as high in each tube as it Ws 5 F. 
poured into the tube a5 ede; and then the e 3 
moveable bottom would have the weight of the 1 5 
water in all the tubes to bear, beſide the weight do 
of all the water in the box. f . 


Ag 
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to each tube, it is evident that, if they be all 
ken away, excepting the tube abcde, and 
e holes in which they ſtood be ſtopt up; each 
ut, thus ſtopt, will be preſſed as much up- 
id as was equal to the weight of water in each 
be. So that, the upward preſſure againſt the 
ide of the top of the box, on every part equal 
breadth to the width of the tube a+cde, will 
preſſed upward with a force equal to the 
wle weight of water in the tube. And conſe- 


= B 2-5 


2 


P zntly, the whole upward preſſure .againſt the 
of the box, ariſing from the weight or 
ward preſſure of the water in the tube, will 
i equal to the weight of a column of water of 
ho ke fame height with that in the tube, and of the 
| thickneſs as the width of the infide of the 


ox: and this upward preſſure againſt the top 
il re- act downward againſt the bottom and 
e as great thereon, as would be equal to the 
tight of a column of water as thick as the 
toveable bottom is broad, and as high as the 
wer ſtands in the tube. And thus, the para- 
6x is ſolved. 


The moveable bottom has no friction againſt 
te inſide of the box, nor can any water get be- 
een it and the box. The method of making 


to, is as follows: 


In Fig. 3. ABCD repreſents a ſection of the 
bx, and a bcd is the lid or top thercof, which 
s on tight, like the lid of a common paper 
nuff-box. E is the moveable bottom, with a 
Foove around its edge, and it is put into a 
adder fg, which is tied cloſe around it in the 
E e groove 


And ſeeing that the water is preſſed upward 
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| groove by a ſtrong waxed thread ; the blk 


it moves without friction. 
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coming up like a purſe within the box, ay 
over the top of it at @ and 4 all round, an d 
the lid preſſed on. So that, if water be pan 
in through the hole JJ of the lid, it will lie wy 
the bottom E, and be contained in the ſpa 
FE gh within the bladder; and the bottom ns 
be raiſed by pulling the wire i, which is fixed i 
it at E: and by thus pulling the wire, the wx 
will be lifted up in the tube &, and as the bg 
tom does not touch againſt the inſide of the by 


Now, ſuppoſe the diameter of this round hot 
tom to be three inches (in which caſe, thear 
thereof will be g circular inches) and the dme 
ter of the bore of the tube to be a quarter a 
inch; the whole area of the bottom will b 144 
times as great as the area of the top «fa p. 
that would fill the tube like a cork. 


And hence it is plain, that if the moveabi 
bottom be raiſed only the 144th part of an inch 
the water will thereby be raiſed a whole inch i 
the tube; and conſequently, that if the botton 
be raiſcd one inch, it would raiſe the water ! 
the top of a tube 144 inches, or 12 feet, ! 
height. 


N. B. The box muſt be open below the mot 
able bottom, to let in the air. Otherwiſe, 
preſſure of the atmoſphere would be ſo great upll 
the moveable bottom, if it be three inches | 
diameter, as to require 108 pounds in the ſcak 
to balance that preſſure, before the bottom cov! 
begin to move. EM 

A Mach 
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4 Machine, to be ſubſtituted in place of the com- 


mon Hydroſtatical Bellows. 
In Fig. 1. of Plate IV. ABCD is an oblong 


ſquare box, in one end of which is a round 
groove, as at a, from top to bottom, for receiv- 
ing the upright glaſs tube J, which is bent to a 
right angle at the lower end (as at i in Fig. 2.) 
and to that part 1s tied the neck of a large blad- 
der K (Fig. 2.) which lies in the bottom of the 
box. Over this bladder is laid the moveable 
board L (Fig. 1 and 3.), in which is fixt an up- 
night wire M; and leaden weights NN, to the 
mount of 16 pounds, with holes in their mid- 
de, which are put upon the wire, over the board, 
nd preſs upon it with all their force. 


The croſs bar p is then put on, to ſecure the 
tube from falling, and keep it in an upright poſi- 
ion: And then the piece ZF'G is to be put on, 
the part G ſliding tight into the dove: tailed 
groove H, to keep the weights NN horizontal, 
and the wire M upright; there being a round 
hole e in the part E for receiving the wire. 


There are four upright pins in the four cor- 
ners of the box within, each almoſt an inch long, 
for the board L to reſt upon: to keep it from 


preſſing the ſides of the bladder below it cloſe 
together at firſt. 


The whole machine being thus put together, 
pour water into the tube at top; and the water 
vill run down the tube into the bladder below 
ne board; and after the bladder has been filled 
Be 2 up 
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ſtatical paradox. For, the upward preſſure againſt 
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up to the board, continue pouring water into the 
tube, and the upward preſſure which it will ex. 
cite in the bladder, will raiſe the board with all 
the weight upon 1t, even though the bore of the 
tube ſhould be ſo ſmall, that leſs than an ounce 
of water would fill it. 


This machine acts upon the ſame principle, 
as the one laſt deſcribed, concerning the Hyari. 


every part of the board (which the bladder 
touches) equal in area to the area of the bore 
of the tube, will be preſſed upward with a force 
equal to the weight of the water in the tube; 
and the ſum of all theſe preſſures, againſt ſo 
many areas of the board, will be ſufficient to rie 
it with all the weights upon it. 


In my opinion, nothing can exceed this ſin- 


ple machine, in making the upward preſſure af 
fluids evident to ſight, 


The Cauſe of reciprocating Springs, and of ehhing 
and flowing Wells, explained, 

In Fig. 1. of PLaTz V. let abcd be a hil, 
within which 1s a large cavern AA near the top, 
filled or fed by rains and melted ſnow on the top 
a, making their way through chinks and cran- 
nies into the ſaid cavern, from which proceeds: 
ſmall ſtream CC within the body of the hill, and 
iflues out in a ſpring at G on the fide of the lil. 


which will run conſtantly while the cavern is fed 
with water, 


From the ſame cavern AA, let there be 3 
mail channel D, to carry water into the caverl 
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B; and from that cavern let there be a bended 
channel Ee F, larger than D, joining with the 
former channel CC, as at F before it comes to 
the ſide of the hill; and let the joining at F be 
below the level of the bottom of both theſe ca- 
| verns, 


As the water riſes in the cavern B, it will riſe 
as high in the channel Ee F: and when it riſes 
to the top of that channel at e, it will run down 
the part e FG, and make a ſwell in the ſpring 
G, which will continue till all the water is drawn 
off from the cavern B, by the natural ſyphon 
Ee F (which carries off the water faſter from B 
than the channel D brings water to it) and then 
the ſwell will ſtop, and only the ſmall channd 
EF CC will carry water to the ſpring G, till the 
| cavern ; is filled to B again by the rill D; and 
then the water being at the top e of the channel 
Ee F, that channel will act again as a TE 
and carry off all the water from B to the ſpring 


G, and fo make a ſwelling flow of water at G as 
before, 


To illuſtrate this by a machine (Fig. 2.) let A 
be a large wooden box, filled with water ; and 
let a ſmall pipe CC (the upper end of which 1s 
fixed into the bottom of the box) carry water 
from the box to G, where it will run off con- 
ſtantly, like a ſmall ſpring. Let another ſmall 
pipe D carry water from the ſame box to the 
box or well B, from which let a ſyphon Ee F 
proceed, and join with the pipe CC at V: the 
bore of the ſyphon being larger than the bore 
of the feeding-pipe D. As the water from this 
Pipe riſes in the well B, it will alſo riſe as high 
m the ſyphon Ee F;: and when the ſyphon is 

Ee 3 full 
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full to the top e, the water will run over the 
bend e, down the part e F, and go off at the 
mouth G; which will make a great ſtream at 
G. and that ſtream will continue, till the ſyphon 


has carried off all the water from the well B; 


the ſyphon carrying off the water faſter from B 
than the pipe D brings water to it: and then 
the ſwell at G will ceaſe, and only the water 
from the ſmall pipe CC will run off at G, till 
the pipe D fills the well B again; and then 
the ſyphon will run, and make a welt” at G as 
before. 


And thus, we have an artificial repreſentation 
of an ebbing and flowing well, May of a reci- 
Procating ſpring, in a very natural and ſimple 
manner, 


HYDKRAULICES. 
An Account of the Principles by which Mr. Blakey 


propoſes to raiſe Water from Mines, or from Rivers, 
zo ſupply Towns and Gentlemen's Seats, by bi; 

neto- invented Fire-Engine, for which he has re- 
cerved His MajesTy's Patent. 


AX HOUGH I am not at liberty to 1 5 
ſcribe the whole of this ſimple engine, yet 
I have the patentce's leave to deſcribe ſuch a one 
as will ſhew the principles by which it acts. 


In Fig. 4. of Plate IV. let A be a large, 
ſtrong, cloſe veſſel; immerſed in water up to 
the cock 5, and having a hole in the bottom, 
with a valve 4 upon it, opening upward within 


01 
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of this veſſel, and has a cock c in it near the 
top, which is ſmall there, for playing-a very 
high jet 4. E is the little. boiler (not ſo big as 
a common tea-kettle) which is connected with 
the veſſel 4 by the ſteam- pipe F; and G is a 
funnel, through which a little water muſt be 
occaſionally poured into the boiler, to yield a 
proper quantity of ſteam. And a ſmall quantity 
of water will do for that purpoſe, becaule ſteam 
poſſeſſes upward of 14,000 times as much ſpace 
or bulk as the water does from which it pro- 
ceeds. | 


The veſſel A being immerſed in water up to 
the cock 5, open that cock, and the water will 
ruſh in through the bottom of the veſſel at a, 
and fill it as high up as the water ſtands on its 
outſide ; and the water, coming into the veſſel, 
will drive the air out of it (as high as the water 
riſes within it) through the cock 3. When the 
water has done ruſhing into the veſſel, ſhut the 
cock 3, and the valve à will fall down, and hin- 
der the water from being puſhed out that way, 
by any force that preſſes on its ſurface. All 
the part of the veſſel above 4, will be full of 
common air, when the water riſes to 6. 


Shut the cock c, and open the cocks d and e; 
then pour as much water into the boiler E 
(through the funnel G) as will about half fill the 


boiler ; and then ſhut the cock 4, and leave the 
cock e open. 


This done, make a fire under the boiler E, 
and the heat thereof will raiſe a ſteam from the 
water in the boiler; and the ſteam will make 
its way thence, through the pipe F; into the 

LE 4 veſſel 
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veſſel A; and the ſteam will compreſs the ai 


. 5) with a very great force upon the fur. 
ace of the water in A. 


When the top of the veſſel A feels very hot 
by the ſteam under it, open the cock c in the 
pipe C; and the air being ſtrongly compreſſed 
in A, between the ſteam and the water therein, 
will drive all the water out of the veſſel A, uy 
the pipe BC, from which it will fly up in a je 
to a very great height.—In my fountain, which 
is made in this manner after Mr. Blakey's, three 
tea-cup-fulls of water in the boiler will afford 
ſteam enough to play a jet 30 feet high, 


When all the water is out of the veſſel A, and 
the compreſſed air begins to follow the jet, open 
the cocks & and d to let the ſteam out of the 
boiler E and veſſel A, and ſhut the cock e to 
prevent any more ſteam from getting into 4, 
and the air will ruſh into the veſſel A through 
the cock , and the water through the valve 4; 
and ſo the veſſel will be filled up with water to 
the cock + as before. Then ſhut the cock 2 and 
the cocks c and d, and open the cock e; and 
then, the next ſteam that riſes in the boiler will 
make its way into the veſſel A again; and the 
operation will go on, as above. 


When all the water in the boiler E is evapo- 


rated, and gone off into ſteam, pour a little more be 
into the boiler, through the funnel G. aſc 
| Wa 

In order to make this engine raiſe water to ſte 
any gentlema-.'s houſe ; if the houſe be on the ro 
bank of a riyer, the pipe B C may be continued it 
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up to the intended height, in the direction HI. 
Or, if the houſe be on the ſide or top of a hill, at 
a diſtance from the river, the pipe, through which 
the water is forced up, may be laid along on the 
hill, from the river or ſpring to the houſe. 


The boiler may be fed by a ſmall pipe X, 
from the water that riſes in the main pipe 
BCHI; the pipe K being of a very ſmall bore, 
ſo as to fill the funnel G with water in the time 
that the boiler E will require a freſh ſupply. 
And then, by turning the cock 4, the water will 
fall from the funnel into the boiler. The fun- 
nel ſhould hold as much water as will about half 
fill the boiler. 


When either of theſe methods of raiſing water, 
perpendicularly or obliquely, is uſed, there will 
be no occaſion for having the cock c in the main 
pipe B CHI. for ſuch a cock is requiſite only, 
when the engine 1s uſed as a fountain, 


A contrivance may be very eaſily made, from 
a lever to the cocks 6, d, and e; ſo that, by pul- 
ling the lever, the cocks % and 4 may be opened 
when the cock e muſt be ſhut; and the cock e 
be opened when & and 4 muſt be ſhut. 


The boiler E ſhould be incloſed in a brick wall, 
at a little diſtance from it, all around; to give li- 
berty for the flames of the fire under the boiler to 
aſcend round about it. By which means (the 
wall not covering the funnel G) the force of the 
ſteam will be prodigiouſly increaſed by the heat 
round the boiler; and the funnel and water in 


it will be heated from the boller ; ſo that, the 


boiler 
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tween ſteam and water: by which means, the 
. ſteam is always kept from touching the water, 


ARCHIMEDES's Screw- Engine for raiſing 


Which need not be more than three feet. The 


turns ſuch another wheel I of the fame number 
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boiler will not be chilled by letting cold - wate 
into it; and the riſing of the ſteam will be fi 
much the quicker. 


Mr. Blakey is the only perſon who ever though 


of making uſe of air as an intermediate body be. 


and conſequently from being condenſed by it 
And, on this new principle, he has obtained: 

atent : ſo that no one (vary the engine how h. 
will) can make uſe of air between ſteam ant 
water, without infringing on the patent, and 
being ſubject to the penalties of the law. 


This engine may be built for a trifling ex. 
pence, in compariſon of the common fire engine 
now in uſe: it will ſeldom need repairs, and 
will not conſume half ſo much fuel. And as it 
has no pumps with piſtons, it is clear of all thei: 
friction: and the effect is equal to the whol: 
ſtrength or compreſſive force of the ſteam: which 
the effect of the common fire engine never is, 01 
account of the great friction of the piſtons in 
their pumps. 


Water. 


In Fig. 1, of Pratt VI. ABCD is © 
wheel, which 1s turned round, according to the 
order of the letters, by the fall of water EF. 


axle G of the wheel is elevated ſo, as to make 


an angle of about 44 degrees with the horizon; 
and on, the top of that axle is a wheel H, which 


9 of 


- ©. n „% 
„ „„ - is 
+ 7 „ 8& „„ 
* . „ PLN 


SEL — 
>”. = 2 —— — S 2 
. nn * 
— II IIS 
—_— —.— —— 


— —_— - 2 «© 
— — 


F od 


Sup. 
WAN WI Th STI Noelle 
N N 1 FN ONS NXS 
V 


N D 
Q DNA = N N N e 
2» 8 


N ED 


Nass W | 
n ; | RJ - 

DEN . N RD BY 2 
1 ; 


. 
PT% 


7 — 
SM 


l os DJ 
Ur 


7 / LV; - = l 4 WIN JS 
t CC 


| 4. 

f ir 5 
4 Ae 

= QC it | 
NNW 
= 5 0 | 

dQ | Aa 
d \ W 
JD e NE 
Da Dd W ers ID 


VG 
dC 
OGG 
e JW. 
= NON DE EIIEIT | 


RK 


_ N 

| JO dQ Q 
CO W DOES 
/ — 9 — CYC.CCVICTTD dd 
VANE — op WII 


NN 
N SOON an WINS 
CNT n Id 


N 
W ds e WON 
My) N dd JH CVS 
W Rn nn 


YC TH 
HON N N OOO NNN 
_ 1 l DIO NO NN H CEE 
| Ro JR _=_ Lobo n n r 
n CCS 

N N CIWS r DN 

OC NN I O.OCOG NG S a 

NN QMY NN MD CT CMDTGGIV ID 


WW Wor 


2 
22929959 
82 : 


IEEE 


*- 


28 


HYDRA ULICS. 


tubes in that axle take up the water from, 
and deliver it into ſuch another box under t 
top of K; on which there may be ſuch another 
wheel as T, to turn a third axle by ſuch a whe 
upon 1t. —And in this manner, water may he 
raiſed to any given height, when there is a * | 
ſufficient for that purpoſe to act on the broad 


float boards of the firſt wheel. 


A quadruple Pump-Mill for raiſing Water. 


This engine is repreſented in Pr are l 
in which ABCD is a wheel, turned by wirt 
according to the order of the letters. On tie 
horizontal axis are four ſmall wheels, tootkd 
almoſt half round: and the parts of their cv; I 
on which there are no teeth are cut down ſo x 
to be even with the bottoms of the teeth when f 
they ſtand. 


The teeth of theſe four wheels take alternaty Þ 
into the teeth of four racks, which hang bym | 
chains over the pullies Q and L; and wh 
lower ends of theſe racks there are four im | 
rods fixed, which go down into the four form 
pumps, S, R, M and N. And, as the wheek | | 
turn, the racks and pump-rods are alternite!f | 
moved up and down, 4 


Thus, ſuppoſe the wheel G has pales an ; 
the rack 7, and drawn up the rack K by i! | 

chain; as the laſt tooth of G juſt leaves de 
uppermoſt tooth of 7, the firſt tooth of HA 
ready to take into the lowermoſt tooth of te| 


rack K and pull it down as far as the teeth a 
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and then the rack 7 is pulled upward through 
the whole ſpace of its teeth, and the wheel G is 
ready to take hold of it, and pull it down again, 
and ſo draw up the other. In the fame 

anner, the wheels E and F work the racks O 
and P. 


Theſe four wheels are fixed on the axle of the 
great wheel in ſuch a manner, with reſpect to 
the poſitions of their teeth; that, while they con- 
tinue turning round, there 1s never one inſtant of 


time in which one or other of the pump-rods is 


| - 


ot going down, . and forcing the water. So 
that, in this engine, there 1s no occaſion for 


Having a general air-veſſel to all the pumps, to 


* 
{ 


Y 


L 
* 


Wprocure a conſtant ſtream of water flowing from 


he upper end of the main pipe. 


The piſtons of theſe pumps are ſolid plungers; 
he fame as deſcribed in the fifth Lecture of my 


Hoock, to which this is a Supplement. Sce Plate 
XI. Fig. 4. of that book, with the deſcription of the 
eure. 


* 
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From each of theſe pumps, near the loweſt 
End, in the water, there goes off a pipe; with a 
alve on its fartheſt end from the pump; and 
Wieſe ends of the pipes all enter one cloſe box, 
io which they deliver the water: and into this 
ox, the lower end of the main conduct pipe is 


xed. So that, as the water is forced or puſhed 
nto this box, it is alſo puſhed up the main pipe 
d the height that it is intended to be raiſed. 


There is an engine of this ſort, deſcribed in 


Namelli's work: but I can truly fay, that I 


never 
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axis. Theſe are the hour-lines : and the hours 
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never ſaw 1t till ſome time after I had made thy 
model. | 


The ſaid model is not above twice as big 
the figure of it, here deſcribed. I turn it by 
winch fixed on the gudgeon of the axle behinl 
the water wheel; and, when it was newly mat; 
and the piſtons had valves in good order, I put 
tin pipes 15 feet high upon it, when they wer 


Joined together, to ſee what it could do. Ant 


I found, that in turning it moderately by th 
winch, 1t would raiſe a hogſhead of water in! 
hour, to the height of 15 feet. 


DIALING _ 
The univerſal Dialing Cylinder. 


N Fig. 1. of Pirate VIII. ABCD r- 
preſents a cylindrical glaſs tube, cloſed at 
both ends with braſs plates, and having a wire or 
axis EFG fixt in the centers of the braſs plats 
at top and bottom. This tube is fixed to a hv 
rizontal board H, and its axis makes an angt 


with the board equal to the angle of the ear 


axis with the horizon of any given place, i 
which the cylinder is to ſerve as a dial. Anit 
muſt be ſet with its axis parallel to the axi u 
the world in that place; the end E pointing to 
the elevated pole. Or, it may be made to move 
upon a joint; and then it may be elevated for 
any particular latitude. 


There are 24 ſtraight lines, drawn with a dl. 
mond, on the outſide of the glaſs, equidiftnt 
from each other, and all of them parallel to the 


are 


— 
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are ſet to them as in the figure : the XII next B 
ſtands for midnight, and the oppoſite XII, next 
cke board H, ſtands for mid-day or noon. 


lace, and the foot-board ſet truly level, with the 
black line along its middle in the plane of the 
meridian, and the end IV toward the north; the 


caſt a ſhadow on the hour of the day, among the 
parallel hour-lines when the ſun ſhines on the 
machine. For, as the ſun's apparent diurnal 
motion is equable in the heavens, the ſhadow of 
the axis will move equably in the tube; and will 
always fall upon that hour-line which is oppoſite 
W to the ſun, at any given time. 


AS1\ 1.1 W 1 — 


I» 


The braſs plate AD, at the top, 1s parallel to 
the equator, and the axis EF is perpendicular 
to it. If right lines be drawn from the center of 
this plate, to the upper ends of the equidiſtant 
parallel lines on the outſide of the tube; theſe 
night lines will be the hour-lines on the equi- 
noctial dial AD, at 15 degrees diſtance from 
each other: and the hour-letters may be ſet to 
them as in the figure. Then, as the ſhadow of 
the axis within the tube comes on the hour-lines 
of the tube, it will cover the like hour-lines on 
the equinoctial plate AD. 


If a thin horizontal plate ef be put within the 
Wube, ſo as its edge may touch the tube all 

around ; and right lines be drawn from the center 
dt that plate to thoſe points of its edge which are 
ut by the parallel hour-lines on the tube ; theſe 
noht-lines will be the hour-lines of a horizontal 
aal, for the latitude to which the tube is _ 
£ vated. 


The axis being elevated to the latitude of the 


axis E FG will ſerve as a ſtile or gnomon, and 


" 
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vated. For, as the ſhadow of the axis come 


ſucceſſively to the hour-lines o 2 
covers them, it will then — = ie * _ 
lines on the horizontal plate ef, to which th w_ 
hours may be ſet; as in the figure. PET 
If a thin vertical plate g C, be put withi . 
tube, ſo as to front = 3 _ __ _ 
line thereof, and the edge of this plate touch 22 
the tube all around; and then, if right lines be bs 
drawn from the center of the plate to thoſe point cout 
of its edge which are cut by the parallel hour . 
lines on the tube; theſe right lines will be th kg 
hour-lines of a vertical ſouth dial: and the ſt; ** 
dow of the axis will cover them at the ſame tim 3 
when it covers thoſe of the tube. . 
they a 
If a thin plate be put within the tube ſo, asto _ 
decline, or incline, or recline, by any given num mi 
ber of degrees; and right lines be drawn fron _—_ 
its center to the hour-lines of the tube ; thet _ 
right lines will be the hour-lines of a declinin ke 
inclining, or reclining dial, anſwering to the li 3 
number of degrees, for the latitude to which t 2925 
tube 1s elevated. 
8 : To 
And thus, by this ſimple machine, all the pr ry 5 
ciples of dialing are - very "Og 1 3 
to the ſight. And the axis of the tube (which ahi 
is paralle] to the axis of the world in every Jati- 0 1 
tude to which it is elevated) is the ſtile or gn0- mY 
mon for all the different kinds of ſun-dials. «Rio 
And laſtly, if the axis of the tub wh — 
out, with the plates AD, ef, and peg it; die 
and ſet it up in ſun-ſhine, in the ſame poſition Þ = 15 
they were in the tube; you will have an equl- be in 


noctid 
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noftial dial AD, a horizontal dial ef, and a ver- 

ical ſouth dial g C; on all which, the time of 

the day will be ſhewn by the ſhadow of the axis 
or gnomon EFG. 


Let us now ſuppoſe that, inſtead of a glaſs 
tube, ABCD is a cylinder of wood; on which 
the 24 parallel hour-lines are drawn all around, 
t equal diſtances. from each other; and that, 


tight lines are drawn toward the center, on the 
flat ſurface AD. Theſe right lines will be the 
hour-lines on an equinoctial dial, for the latitude 
of the place to which the cylinder is elevated 
:hove the horizontal foot or pedeſtal H; and 
they are equidiſtant from each other, as in Fig. 2. 
which is a full view of the flat ſurface or top 
AD of the cylinder, ſeen obliquely in Fig. 1. 
And the axis of the cylinder (which is a ſtraight 
wre EFG all down its middle) is the ſtile or 
momon; whieh is perpendicular to the plane 
of the equinoctial dial, as the earth's axis is per- 
pendicular to the plane of the equator, 


To make a horizontal dial, by the cylinder, 
tor any latitude to which its axis is elevated ; 
draw out the axis and cut the cylinder quite 
through, as at eb fg, parallel-ro the horizontal 
board H, and take off the top part e AD fe; and 
the ſection e ge will be of an elliptical form, 
as in Fig. 3. Then, from the points of this 
ection (on the remaining part eB Cf) where 
the parallel lines on the outſide of the cylinder 
meet it, draw right lines to the center of the 
lection; and they will be the true hour- lines for a 
horizontal dial, as abc da in Fig. 3. which may 
de included in a circle drawn on that ſection. 


T. bi. 


from the points at top, where theſe lines end, 


Ff Then 


N | 
1 \ 
| [ 
F* 

= 
$ 
„ 


DIALING. 


Then put the wire into its place again, and; 
will be a ſtile for caſting a ſhadow on the tiny 
of the day, on that dial. So, E (Fig. 3.) isth 
ſtile of the horizontal dial, parallel to the ab 
of the cylinder. 


To make a vertical ſouth dial by the cyli 
der, draw out the axis, and cut the cylinder 
perpendicularly to the horizontal board H, as x 
gi Cg, beginning at the hour-line (B ge A) d 
XII, and making the ſection at right angles u 
the line & HN on the horizontal board. They, 
take off the upper part g ADC, and the face 
the ſection thereon will be elliptical, as ſhewn i 
Fig. 4. From the points in the edge of this ſee. 
tion, where the parallel hour-lines on the round 
ſurface of the cylinder meet it, draw right lines 
to the center of the ſection; and they will K 
the true hour-lines on a vertical direct ſouth dil. 
for the latitude to which the cylinder was et. 
vated: and will appear as in fig. 4. on which 
the vertical dial may be made of a circular ſhape, 
or of a ſquare ſhape as repreſented in the figure. 
And F will be its ſtile parallel to the axis of the 
cylinder. 


And thus, by cutting the cylinder any way, 
fo as its ſection may either incline, or decline, or 
recline, by any given number of degrees; and 
from thoſe points in the edge of the ſection; 
where the outſide parallel hour-lines meet it, 
draw right lines to the center of the ſection; and 
they will be the true hour-lines, for the like de- 
clining, reclining, or inclining dial: and the 
axis of the cylinder will always be the gnomon 
or ſtile of the dial. For, which-ever way tht 

plane of the dial lies, its ſtile (or the edge there 


TT a == 


ITI f c ue 2 Yeo. YT 2 24  o © aw ww is 


— #* _ oo +> S 


PLATE N. 


— 


«d -< 
20 


= 


1” 


{0 


; HO 


[Februa 
4 


xy 


Jan IL 
77 


2: 


| 4 
* 27 
Ir 


March 
FU 


Fi 
: — 


——ä— ER 


5 | 85 
„ 
! uu © 
| „ > 
| 3 
1 ol bs 2 
f : T 
| — ; — — — EN 
| | 1 | > 
| E:-: 7 Y 
| — 

| 

| 


— 
- 
. 


"FM 

— Za 4 4 
a 

* 0 


: 
— — ww — — — — 
1 


K gu. 922 


W149: 


— * . 


. vo July 775 


September; October November December 


1 45 


6 


—— — — . — — — 


—— — —— 


| 


AO 

3 | 
- 5 * 
I I 
7 * 4 4 
3 .J 
S& 
D 
l JR 


00 


„ — — 


+ — 


i} bay 
— 
— 


| 


4 


1 


ume. / 


<= = © OS g 
S 8 Bh 8 © Wn . * c ccc, / 


that caſts the ſhadow on the hours of the day) 


' muſt be parallel to the earth's axis, and point 
toward the elevated pole of the heaven. 


Th delineate a Sua- Dial on Paper; which, when 
paſted round à Cylinder of Mood, ſhall ſhew the 
Time of the Day, the Sun's Place in the Ecliptic, 
and his Altitude, at any Time of Obſervation, 
See PLATE IX. 


| Draw the right line a AB, parallel to the top 
| of the paper ; and, with any convenient opening 
of the compaſſes, ſet one foot in the end of the 
line at 4, as a center, and with the other foot de- 
ſcribe the quadrantal arc AE, and divide it into 
go equal parts or degrees. Draw the right line 
AC, at right angles to a AB, and touching the 
quadrant AE at the point 4. Then, from the 
center @, draw right lines through as many de- 
grees of the quadrant as are equal to the ſun's al- 
& titude at noon, on the longeſt day of the year, at 
the place for which the dial is to ſerve ; which 
altitude, at London, is 62 degrees: and continue 
theſe right lines till they meet the tangent line AC; 
and, from theſe points of meeting, draw ftraight 
lines acroſs the paper, parallel to the firſt right 
line AB, and they will be the parallels of the 
ſun's altitude, in whole degrees, from ſun-riſe | 
till ſun-ſet, on all the days of the year. Theſe 
parallels of altitude muſt be drawn out to the { 
right line BD, which muſt be parallel to AC, and 
as far from it as is equal to the intended circum- 
ference of the cylinder on- which the paper is to 
be paſted, when the dial is drawn upon 1t. 


Divide the ſpace between the right lines AC 
and BD (at top and bottom) into twelve equal | 
| "3-3 parts, 


reckoning the forenocn hours downward, 2 
| e 
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parts, for the twelve ſigns of the ecliptic; and, 
from mark to mark of theſe diviſions at top and 
bottom, draw right lines parallel to AC and 


BD; and place the characters of the 12 ſigns in 


theſe twelve ſpaces, at the bottom, as in the figure: 
beginning with N or Capricorn, and ending with 


Ne or Piſces. The ſpaces including the figns 


ſhould be divided by parallel lines into halves; 
and if the breadth will admit of it without con- 


fuſion, into quarters alſo. © 


At the top of the dial, make a ſcale of the 
months and days of the year, ſo as the days may 
ſtand over the ſun's place for each of them in 
the ſigns of the ecliptic. The ſun's place, for 
every day of the year, may be found by any 
common ephemeris: and here it will be beſt to 
make uſe of an ephemeris for the ſecond year 
after leap-year ; as the neareſt mean for the ſun's 
place on the days of the leap-year, and on thoſe 


ol the firſt, ſecond, and third year after. 


Compute the ſun's altitude for every hour (in 
the latitude of your place) when he is in the 
beginning, middle, and end of each ſign of the 
ecliptic ; his altitude at the end of each ſign 
being the ſame as at the beginning of the next. 
And, in the upright parallel lines, at the begin- 
ning and middle of each ſign, make marks for 
theſe computed altitudes among the horizontal 
parallels of altitude, reckoning them downward, 
according to the order of the numeral figures ſet 
to them at the right hand, anſwering to the like 
diviſions of the quadrant at the left. And, 
through theſe marks, draw the curve hour-lines, 
and ſet the hours to them; as in the figure, 
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the afternoon hours upward. —The ſun's altitude 
ſhould alſo be computed for the half hours ; and 
the quarter-lines may be drawn, very nearly in 
their proper places, by eſtimation and accuracy of 
the eye. Then, cut off the paper at the left hand, 
on which the quadrant was drawn, cloſe by the 
right line AC, and all the paper at the right hand 
cloſe by the right line B D; and cut it alſo cloſe 
by the top and bottom horizontal lines; and it 
will be fit for paſting round the cylinder. 


This cylinder is repreſented in miniature b 
Fig. 1. PLATE X. It ſhould be hollow, to hold 
the ſtile DE when it is net uſed. The crooked 
end of the ſtile is put into a hole in the top AD 
of the cylinder ; and the top goes on tightiſh, but 
muſt be made to turn round on the cylinder, hke 
the lid of a paper ſnuff-box. The ſtile muſt 
ſtand ſtraight out, perpendicular to the fide of the 
cylinder, juſt over the right line AB in PLATE 


IX, where the parallels of the ſun's altitude begin: 


and the length of the ſtile, or diſtance of us point 
e from the cylinder, muſt be equal to the radius 
a A of the quadrant AE in PLaTE IX, 


The method of uſing this dial is ag follows, 


Place the horizontal foot BC of the cylinder 
on a level table where the ſun ſhines, and turn the 
top AD till the ſtjle ſtands juſt over the day of 
the then preſent month. Then turn the cylin- 
der about on the table, till the ſhadow of the 
ſtile falls upon it, parallel to thoſe upright lines 
which divide the ſigns ; that is, till the ſhadow 
be parallel to a ſuppoſed axis in the middie of 
the cylinder: and then, the point, or loyg!: end 

F 
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of the ſhadow, will fall upon the time of the diy, 
as it is before or after noon, among the curve hour. 


lines; and will ſhew the ſun's altitude at that time, 


among the croſs parallels of his altitude, which 
round the cylinder : and, at the fame time, it 


will ſhew in what ſign of the ecliptic the ſun then 


is, and you may very nearly gueſs at the degree 
of the ſign, by eſtimation of the eye. 


The ninth plate, on which this dial is drawn, 
may be cut out of the book, and paſted round a 
cylinder whoſe length is 6 inches and 6 tenths of 
an inch below the moveable top; and its diameter 
2 inches and 24 hundred parts of an inch.—Or, I 


ſuppoſe the copper-plate prints of it may be had of 


the bookſellers in London. But it will only do for 
London, and other places of the ſame latitude. 


When a level table cannot be had, the dial may 
be hung by the ring Fat the top. And when it 
15 not uſed, the wire that ſerves for a ſtile may 
be drawn out, and put up within the cylinder; 
and the machine carried in the pocket. 


To make three Sun-dials upon three different Planes, 
fo as they may all ſhew the Time of the Day by 
one Gnomon. 3 


On the flat board ABC, deſcribe a horizontal 
dial, according to any of the rules laid down 1n 
the Lecture on Dialing ; and to it fix its gnomon 
FGH, the edge of the ſhadow from the fide F G 
being that which ſhews the time of the day. 


To this horizontal or flat board, join the up- 
right board EDC, touching the edge GH of 
the SNOMON, Then, making the top of the 

$ gnomon 
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gnomon at G the center of the vertical ſouth dial, 
deſcribe a ſouth dial on the board EDC. 


Laſtly, on a circular plate IX defcribe an 
equinoctial dial, all the hours of which dial are 
equidiſtant from each other, and making a lit 
cd in that dial, from its edge to its center, in the 
XII o'clock line ; put the ſaid dial perpendicu- 
larly on the gnomon FG, as far as the ſlit will 
admit of; and the triple dial will be finiſhed ; the 
ſame gnomon ſerving all the three, and ſhewing 
the ſame time of the day on each of them. 


An univerſal Dial on a plain Croſs. 


This dial is repreſented by Fig. 1. of Pate 
XI, and is moveable on a joint C, for elevating 
it to any given latitude, on the quadrant C © go, 
as it ſtands upon the horizontal board 4. The 
arms of the croſs ſtand at right angles to the mid- 
dle part; and the top of it from à to x, is of equal 
length with cither of the arms ze or mk, 


Having ſet the middle line 7 A to the latitude of 
your place, on the quadrant, the board A level, 
and the point N northward by the needle ; the 
plane of the croſs will be parallel to the plane of 
the equator z and the machine will be rectified, 


Then, from III o'clock in the morning, till 
VI, the upper edge &/ of the arm io will caſt a 
ſhadow on the time of the day on the fide of the 
arm em from VI till IX the lower edge i of 
the arm i will caſt a ſhadow on the hours on 
the ſide 09. From IX in the morning to XII at 
noon, the edge a ö of the top part a x will caſt a 


F 14 to 


ſhadow on the hours on the arm nef: from XII 


part au. 
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to III in the afternoon, the edge cd of the top 
part will caſt a ſhadow on the hours on the 
arm km: from III to VI in the evening, the 
edge gh will caſt a ſhadow on the hours on 
the part ps; and from VI till IX, the ſhadow 
of the edge ef will ſhew the time an the top 


The breadth of each part ab, ef, &c. muſt 
be ſo great as never to let the ſhadow fall quite 
without the part or arm on which the hours are 
marked, when the ſun 1s at his greateſt declina- 
tion from the equator. 


To determine the breadth of the ſides of the 
arms which contain the hours, ſo as to be in juſt 
proportion to their length; make an angle 
ABC (Fig. 2.) of 234 degrees, which is equal 
to the ſun's greateſt declination : and ſuppoſe 
the length of each arm, from the fide of the long 
middle-part, and alſo the length of the top part 
above the arms, to be equal to B !. 


Then, as the edges of the ſhadow from each of 
the arms, will be parallel to B e, making an angle 
of 23+ degrees with the ſide B d of the arm when 
the ſun's declination is 234 degrees; it is plain, 
that if the length of the arm be B d, the leaſt 
breadth that it can have, to keep the edge Be of 
the ſhadow Beg d from going off the ſide of the 
arm de before it comes to the end ed thereof, 
muſt be equal to ed or 4B, But in order to 


keep the ſhadow within the quarter diviſions of 


the hours, when it comes near the end of the 
arm, the breadth thereof ſhould be ſtill greater, 
fo as to be almoſt doubled, on account of the 
diſtance between the tips of the arms. 10 
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To place the hours right on the arms, take the 
following method : 


Lay down the crofs abcd (Fig. 3.) on a ſheet 

of paper; and with a black lead pencil, held 
cloſe to it, draw its ſhape and ſize on the paper. 
Then, taking the length ae in your compaſſes, 
and ſetting one foot in the corner a, with the 
other foot deſcribe the quadrantal arc ef 
Divide this arc into ſix equal parts, and through 
the diviſion marks draw right lines ag, ah, &c. 
continuing three of them to the arm ce, which 
are all that can fall upon it; and they will meet 
the arm in theſe points through which the lines 
that divide the hours from each other (as in 
Fig. 1.) are to be drawn right acroſs it. 


Divide each arm, for the three hours it con- 
tains, in the ſame manner; and ſet the hours to 
their proper places (on the ſides of the arms) as 
they are marked in Fig. 3. Each of the hour 
ſpaces ſhould be divided into four equal parts, 

or the half hours and quarters, in the quadrant 

ef; and right lines ſhould be drawn through theſe 
diviſion marks in the quadrant, to the arms of 
the croſs, in order to determine the places thereon 
where the ſub-diviſfions of the hours muſt be 
marked, 


This is a very ſimple kind of univerſal dial ; 
it is very eaſily made, and will have a pretty un- 
common appearance in a garden.— I have ſeen 
2 dial of this fort, but never ſaw one of the kind 
that follows : 
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An univerſal Dial, ſbewing the Hours of the Day by 
a terreſtrial Globe, and by the Shadows of ſeveral 
Gnomons at be one Time: together with all the 
Places of the Earth which are then enlightened 
by the Sun; and thoſe to which the Sun is they 
Riſing, or on the Meridian, or Setting. 


This dial (See PlATE XII.) is made of a 
thick ſquare piece of wood, or hollow metal. 


which the hours are placed; the ſtile of each 
hollow coming out —— the bottom thereof, 
as far as the ends of the hollows project. The 
corners are cut out into angles, in the inſides of 
which, the hours are alſo marked; and the edge 
of the end of each fide of the angle ſerves asa | 


ſtile for caſting a ſhadaw on the hours marked 
on the other ſide. 


In the middle of the uppermoſt ſide or plane, 
there is an equinoctial dial; in the center where- 
of, an upright wire is fixt, for caſting a ſhadow 
on the hours of that dial, and ſupporting a ſmall 
terreſtrial globe on its top, 


The whole dial ſtands on a pillar, in the 
middle of a round horizontal board, in which 
there is a compaſs and magnetic needle, for 
placing the meridian ſtile toward the ſouth. The 
pillar has a joint with a quadrant upon it, divided 
into go degrees (ſuppoſed to be hid from fight 
under the dial in the figure) for ſetting it to the 
latitude of any given place; the fame way as 


already deſcribed: in the dial on the croſs. 


The equator of the globe is divided into 24 


equal parts, and the hours are laid down upon a 
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DIALING. 
at theſe parts. The time of the day may be known 


by theſe hours, when the ſun ſhines upon the globe. 


To rectify and uſe this dial, ſet it on a level 
table, or ſole of a window, where the ſun ſhines, 
placing the meridian ſtile due ſouth, by means 
of the needle ; which will be, when the needle 

ints as far from the north fleur-de-lis toward 
lie weſt, as it declines weſtward, at your place, 


Then bend the pillar in the joint, till the black 


line on the pillar comes to the latitude of your 
place in the quadrant. 


The machine being thus rectified, the plane 
of its dial- part will be parallel to the equator, 
the wire or axis that ſupports the globe will be 

lel to the earth's axis, and the north pole 
of the globe will point toward the north pole of 
the heaven. | 


The ſame hour will then be ſhewn in ſeveral 
of the hollows, by the ends of the ſhadows of 
their reſpective tiles. The axis of the globe 
will caſt a ſhadow on the ſame hour of the day, 
in the equinoctial dial, in the center of which it 
Is placed, from the 20th of March to the 22d of 
September; and, if the meridian of your place 
on the globe be ſet even with the meridian ſtile, 
all the parts of the globe that the ſun ſhines 
upon, will anſwer to thoſe places of the real 
earth which are then enlightened by the ſun. 
The places where the ſhade is juſt coming upon 
the globe, anſwer all to thoſe places of the earth 
to which the ſun is then ſetting ; as the places 
where it is going off, and the light coming on, 
anſwer to all thoſe places of the earth where the 
fun is then riſing. And laſtly, if the hour of * 
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be marked on the equator in the meridian of 
your place (as it is marked on the meridian of 
London 1n the figure) the diviſion of the light 
0 ſhade on the globe will ſhew the time of the 
day. 


The northern ſtile of the dial (oppoſite to the 
ſouthern or meridian one) is hid Tom ſight in 
the figure, by the axis of the globe. The hours 
in the hollow to which that ſtile belongs, are alſo 
ſuppoſed to be hid by the oblique view of the 
figure: but they are the ſame as the hours in the 
front hollow. Thoſe alſo in the right and left 
hand ſemicircular hollows are moſtly hid from 
fight; and ſo alſo are all thoſe on the ſides next 
the eye of the four acute angles. 


The conſtruction of this dial is as follows, 
See PLATE XIII. 


On a thick ſquare piece of wood, or metal 
draw the lines ag and 5 d, as far from each other 
as you intend for the thickneſs of the ſtile ab c4, 
and in the ſame manner, draw the like thick- 
neſs of the other three ſtiles, ef g b, ik Im, and 
1 0 p g, all ſtanding outright as from the cen- 

ter, = 
With any convenient opening of the com- 
paſſes, as a A (fo as to leave proper ſtrength 
of ſtuff when K is equal to a A) ſet one foo! 
in a, as a center, and with the other foot de- 
ſcribe the quadrantal arc Ac. Then, without 
altering the compaſſes, ſet one foot in 5 as? 
center, and with the other foot deſcribe the qua- 
drant 4 B. All the other quadrants in the figure 
muſt be deſcribed in the ſame manner, and * 
| | 6 
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the ſame opening of the compaſſes, on their 
centers e, F; i, &; and n, 0: and each quadrant 
divided into 6 equal parts, for ſo many hours, 
as in the figure; each of which parts muſt be 
ſub-divided into 4, for the half hours and quar- 
ters. 2 | 


At equal diſtances from each corner, draw the 
right lines 7p and Kp, L and Mg, Nr and 
Or, Ps and 9s; to form the four angular 


hollows Ip K, LM, Nr O, and P.s Q: mak- 


ing the diſtances between the tips of theſe hol- 
lows, as IX, LM, NO, and P, each equal 
to the radius of the quadrants; and leaving ſuf- 
ficient room within the angular points, p, 4, 7, 
and s, for the equinoctial circle in the middle. 


To divide the inſides of theſe angles properly 
for the hour-ſpaces thereon, take the following 
method: | 


Set one foot of the compaſſes in the point 7, 
as a center; and open the other to X, and with 


out altering the 3 ſet one foot in XK, 
and with the other foot deſcribe the arc IT.. 
Divide each of theſe arcs, from 7 and XK to their 


will meet the ſides K and Ip of the angle Ip & 
where the hours thereon muſt be placed. And 
theſe hour-ſpaces in the arcs muſt be ſub-divided 
into four equal parts, for the half hours and 
quarters, Do the like for the other three 


hours 


that opening, deſcribe the arc K: then, with-- 


= interſeftion at r, into four equal parts; and 
from their centers 7 and K, through the points 
of diviſion, draw the right lines J 3, 14, Ts, 
[6, I7; andK2, K 1, X 12, X II; and they. 


angles, and draw the dotted lines, and ſet the 
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hours in the inſides where thoſe lines meet them, 
as in the figure: and the like hour-lines will be 
parallel to each other in all the quadrants and in 
all the angles. 


Mark points for all theſe hours, on the upper 
ſide and cut out all the angular hollows, and 


the quadrantal ones quite through the place: 


where their four gnomons muſt ſtand; and lay 
down the hours on their inſides, as in PLATE XII, 
and then ſet in their four gnomons, which muſt 
be as broad as the dial is thick; and this breadth 
and thickneſs muſt be large enough to keep the 
ſhadows of the gnomons from ever falling quite 
out at the ſides of the hollows, even when 

ſun's declination 1s at the greateſt, | 


Laſtly, draw. the equinoctial dial in the mid- 
dle, all the hours of which are equidiſtant fron 


each other; and the dial will be finiſhed. 


As the ſun goes round, the broad end of the 


| ſhadow of the ſtile a&4cd will ſhew the hour 


in the quadrant Ac, from ſun riſe till VI in the 
morning; the ſhadow from the end M will ſhey 
the hours on the fide Lq from V to IX in the 
morning; the ſhadow of the ſtile fg in the 


quadrant Dg (in the long days) will ſhew the 


hours from ſun-riſe till VI in the morning; and 
the ſhadow of the end N will ſhew the morning 


hours, on the ſide Or, from III to VII. 


Juſt as the ſhadow of the northern ſtile a lcd 
goes off the quadrant Ac, the ſhadow of the 
ſouthern ſtile :k 1m begins to fall within the 
22 Fl, at VI in the morning; and ſhews 


time, in that quadrant, from VI till XI 


NOONj 
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noon 3 and from noon till VI in the evening in 
the quatirant m E. And the ſhadow of the end 
G ſhews the time from XI in the forenoon till 
Ill in the afternoon, on the ſide r; as the 
ſhadow of the end P ſhews the time from IX in 
the morning till I o'clock in the afternoon, on 


the ſides Qs. 


At noon, when the ſhadow of the caftern ſtile 
efgh goes off the quadrant 20% (in which it 
ſhewed the time from VI in the morning till 
noon, as it did in the quadrant g D from ſun- 
riſe till VI in the morning) the ſhadow of the 
weſtern ſtile x 0pq begins to enter the quadrant 
Hp; and ſhews the hours thereon from XII at 


noon till VI in the evening; and after that till 


ſun- ſet, in the quadrant 96; and the end 2 
caſts a ſhadow on the ſide Ps from V in the 
evening till IX at night, if the ſun be not ſet 
Hefore that time. 


The ſhadow of the end 7 ſhews the time on 
the ſide K p from III till VII in the afternoon ; 
and the ſhadow of the ſtile a5 c 4 ſhews the time 


from VI in the evening till the ſun ſets. 


The ſhadow of the upright central wire, that 
ſupports the globe at top, ſhews the time of the 


day, in the middle or equinoctial dial, all the 


ſummer half year, when the ſun is on the north 
ſide of the equator, 


In this Supplement to my book of Lectures, 
all the machines that I have added to my appa- 
ratus, ſince that book was printed, are de- 
iribed, excepting two; one of which is a _— 
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of a mill for ſawing timber, and the other is 2 
model of the great engine at London- bridge, 
for raiſing water. And my reaſons for leaving 
them out are as follow : 


Firſt, I found it impoſſible to make ſuch a 
drawing of the ſaw-mill as could be underſtood ; 
- becauſe in whatever view it be taken, a great 
many parts of it hid others from fight. And, 
in order to ſhew it in my Lectures, I am obliged 
to turn it into all manner of poſitions, 


Secondly, Becauſe any perſon who looks on 
Fig. 1. of PLATE XII in the book, and reads 
the account of it in the fifth Lecture therein, 
will be able to form a very good idea of the 
London-bridge 'engine, which has only two 
wheels and two trundles more than there are in 
Mr. Alderſea's engine, from which the ſaid __ 
was taken, 


